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US: THE NEXT SPACE TELESCOPE 


OMPUTING AT 
REAKNECK SPEED 
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GOODBYE 
YELLOW STRIPED 


Standard new 2.51. е 
ВР. XLT 4x4 sl 


New SLA suspension * Starting at $11395” 


1-800-258-FORD or www.ford.com 


CREATE ALL YOU WANT. 
YOU’VE GOT THE CAPACITY. 


Each 100MB Zip disk is 


The “Condor.” The world's largest cargo plane. 


You need big cargo space on your computer these days. Certainly more than hard drives or 
little floppies can offer. Todays multimedia software just fills them up too fast. But a Zip 
Built-In~ drive gives you unlimited space. And the 100MB Zip disk can handle whatever big 
nasty file you throw at it. So if you're computer shopping, look for the Zip Built-In logo. It 


says you've got the capacity to create more, share more, save more, do more. www.iomega.com 


LIP DRIVE. THE CAPACITY TO DO MORE: 


Ф 


Packard Bell. | 
МЕС 


€ Apple 


Already have a PC? 
Get a Zip external. 


Get a Zip drive. Or the new 
ZipPlus~ drive that works with 


Introducing Zip Built-In. either SCSI or parallel ports, 
Np x «4 ^ HITACHI I has an amazingly small power 
у" Give, QUEE TREO your supply, and comes with cool 

you unlimited capacity to store, NIXDORF 


back up, and share tons of stuff. 


With over 10 million out there, 
Zip is the standard in high- 
capacity removable storage. 


Not only are they built into 
these leading computers, you'll 
also find them in homes, schools, e 
businesses, and service bureaus 
across the country. 


BECAUSE IT'S YOUR STUFF” 
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All other trademarks are the property of their respective holders. YZ2X-4 
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n Me Over 


A lot of people try Doral for its low price, but it’s the 
premium taste and all the extras that win them over. 


Discover The Doral Difference. 


To discover all that Doral has to offer, 
SURGEON GENERAL'S WARNING: Smoking ИНИНИ 
Causes Lung Cancer, Heart Disease, OFFER RESTRICTED TO SMOKERS 21 YEARS OF AGE OR OLDER. 


Emphysema, And May Complicate Pregnancy. 


14 mg. “tar” .0.8 mg nicotine av. per cigarette by FTC method. 
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COVER ART 
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Comfy hockey skates; 
covert night light; urban 
drag racing; Mercedes 
compacts; Java phone; 
bridgeless eyeglasses; 
tiniest 3x zoom camera. 
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How flowering plants 
know when to bloom; 
how helicopters work; 


Fill 'er up, check the e 
oil; Hubble primes calories and fat. 
for the future. + 


92 LOOKING BACK 


AVIATION & SPACE 


56 What's Next for Hubble The once-derided telescope 


Flying on Mars; Lyme disease vaccine; 
global-climate protocol; before birds 


had wings; Blackbeard's treasure. 


48 COVER STORY A Bridge So Far The world's 
longest suspension bridge is opening next month in 
the middle of an earthquake zone. 


will continue its remarkable finds into the next century. 


62 A Plane for Land and Sea Agile and 
stealthy, with plenty of range, France's Rafale 


may be the most versatile aircraft in the sky. 


HOME TECHNOLOGY 


70 Urban Rainforest Leaf by leaf, vine by vine, an ' 45 Home Technology Newsfront The Health Home; 
| African jungle sprouts on New York's west side. | for consistent temperature, a furnace with finesse. 
I, І 
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| 29 Computers & Software Newsfront Software | 37 Automotive Newsfront Sledgehammer-proof windows; 

modems; virtual tax man; inoculating the Net; ! beating driver drowsiness; more salt for the Salt Flats. 

removable cartridges grow PC storage. i 
р > | 72 Hybrids Get Real Energy-efficient vehicles are hit- 

" 54 Wired Wheels Check your e-mail and get i ting the street. Is mass accep- tls à 
directions while driving, as your passengers i tance down the road as well? » 
browse the Web and watch TV. ! 
64 Computing's Outer Limits Asthey 4 
|» bump up against laws of physics and - 
" economics, how much better can chips get? З E 
V. 
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engineering projects of 
115-year-old Brooklyn 


Narrows Bridge, still the: 
I’m envying residents 
is near completion; With t 


in the United States. Now, however, 
test bridge-building project of all time x 
two and a half miles, the Akashi Kaikyo: 
in islands. Built to resist earthquakes 
an aT early test when it withstood the 


Also surviving a [а Идо irth, the cce dede Hubble Space Telescope has generated enough amazing celestial 
data to ке astronomers busy well into the next century. Executive Editor Mariette DiChristina, ho has tracked 


Home Automation 


YOUR READERS МАУ be interested 
to know that, at least for owners 
of Macintosh computers, home 
automation—including voice-activat- 
ed features—has been available for 
some time [Home Technology News- 
front, Dec.]. Several companies sell 
the equipment and software, in- 
cluding Sand Hill Engineering (www 
.shed.com). More information is also 
available at web.cs.ualberta.ca/~ 
wade/HyperHome/top.html. 
John Atwell 
kermit@chiangmai.a-net.net.th 


The Color of Light 


CONCERNING YOUR article about 
the dangers of halogen lamps ["The 
Light Stuff," Home Technology 
Newsfront, Oct.], I must say that I 
am tired of halogen lamps getting a 
bad rap. We have sold them in our 
lamp shop for many years and have 
never had a problem with them. 
They are good light sources because 
of the color of light that they pro- 
duce. Some of our customers with 
sight problems buy halogen lamps 
because their doctors have told 
them that the lights help print 
show up better when reading. 
Stanley Weintraub 
Austin, Texas 


Supply and Demand 


YOUR ARTICLE “Hot Water on 
Demand" [Home Technology News- 
front, Nov.] would have us buy a 
pump that circulates cooled-off hot 
water back to the water heater via 
the cold water line. For years, we 
have been told to use only cold water 
for drinking and cooking, because 
hot water dissolves more contami- 
nants from pipes. This pump would 
transport any contaminants dissolved 
in the hot water line to the cold 
water line for everyone to drink. 
Bruce Keane 
b.m.keane@juno.com 


While it is true that warm water, 
because of its temperature, would 
dissolve more metallic salts than cold 
water, the U.S. Environmental Pro- 
tection Agency considers hot and 
cold water to be potable in every state. 
This is because newer pipes, such 
as those made from polyvinyl chlo- 
ride, or PVC, leach virtually no con- 
taminants into drinking water. In 
older homes, however, where copper 
piping and lead soldering are com- 
mon, the EPA cautions against con- 
suming both hot and cold water. For 
more about common water contami- 
nants in your particular area and how 
to protect yourself against them, con- 
tact your local health department. 


——————ÀÀ 


Measuring Up 


HOW CAN IBM'S Thinkpad 770 [Best 
of What's New, Dec.] have a 14.1- 
inch screen when its dimensions 
are 2.2 by 12.3 by 10 inches? 
Carol Dunn 
carol87 Qjuno.com 


The 14.1-inch value refers to diago- 
nal length across the screen. 


Pilotless Planes 


1 FOUND YOUR ARTICLE “Fighters 
Without Pilots" [Nov.] intriguing. 
However, if the goal is to deliver 
firepower cheaply, without risk to 
the pilot, then it seems logical not 
to design a pilotless fighter, but to 
expand the capabilities of existing 
guided and cruise missiles. Added 
range and real-time control of mis- 
siles would provide the same capa- 
bilities at a fraction of the cost. 
Once a missile detonates, the 
remote pilot would then switch over 
to another missile loitering on the 
edge of the combat zone, and fly it 
to the next air or ground target. A 
similar concept was illustrated near- 
ly 70 years ago in the seminal Buck 
Rogers book Armageddon 2419 AD 
by Philip Francis Nowlan. 
Noel Munson 
nmunson @ wajones.org 


ILOVED YOUR article about unpilot- 
ed combat air vehicles. After con- 
templating their control systems, I 


thought of two ways an enemy air- 
craft could disable an entire fleet 
of these aircraft: either take out the 
communication satellite or destroy 
the lead aircraft in the fleet, which 
would interfere with the control 
systems of the remaining vehicles. 
Brian Kirkpatrick 
mrin71.mail@aol.com 


Good tactics, but there are ways to 
deal with both. Satcoms could use 
constellations of low-flying satellites 
—with many spacecraft constantly 
switching message paths—or geosta- 
tionary satellites. Taking out a con- 
stellation requires a series of anti- 
satellite-weapon engagements, while 
geostationary satellites are too high 
to be easily damaged. As for destroy- 
ing the lead aircraft, all vehicles 
could perform the “leader” and “wing- 
man” roles. If the leader is shot down, 
another vehicle would take over. 


Correction: The NASA SeaWIFS 
(Sea-viewing Wide Field of View 
Sensor) image (“The Color of 
Chlorophyll,” What's New, Jan.) is 
incorrect. The corrected image 
above shows the highest concentra- 
tions of underwater chlorophyll in 
red and the lowest in purple. 


*Best of What's New" Readers Choice Awards 


IN OUR DECEMBER ISSUE, we asked readers to choose their favorite 1997 "Best of 
What's New" product or technology from our 100 award winners. We're 

pleased to announce nearly 6,000 of you responded and, with 36 

percent of the vote, the HyperSonic Sound speakers from American 


Technology Corp. took top honors. Producing a pair of ultrasonic 
signals that are audible only when they hit an object, the speakers 
provide extraordinary at-home surround sound. A list of the top 10 
favorites and voting results is available at www.popsci.com/bown. 
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3100 SFI V6 with Dual Zone Battery Air Ы 


Triple Seal Doors Automatic Transmission ComforTemp Rundown Protection Filtration System 


GM Corp. All rights reserved. Century is а registered trademark of GM Corp. Buckle up, America! "Dual zone ComforTemp is not included in the SC Package, but is included in the price listed above. 
MSRP includes destination charge. Tax, license and optional equipment additional. Leather seating surfaces additional 


WirH Two CLIMATE ZONES ЮР FRONT, 
THE NEW CENTURY OFFERS 
zii A HicH DEGREE OF Gomrort 


THe New Century By Buick. 
Among its many luxuries, this Century 
offers dual zone ComforTemp climate 
control. Ai Century Camp LE uns E Acard LX 


Which does Шри s mo тиз тв 


Dual Zone 


just whatthe Cmm — mi* ңа МА м 
Paces. эз. Keyless Ету 80 Opt. би нА 
панин. Akr Filtration — S. м ма МА 


MSRP ўз 322878 SPA 821.45 
allows the 


driver toshaye it a few degrees warmer ог 
cooler than the passenger on the right. 
Or vice versa. It's a comforting feature 

you can't get on Camry, Accord or Taurus. 
And it's just one of the many cool things 
you'll find in the new Century. The price 
is another. Visit www.century.buick.com 


or call 1-800-4A-BUICK. 


CENTURY” BUICK о 


1 little luxury in this Century. 


ғ  Four-Wheei 
\nti-L E note Keyless Entry 


Router 
Converter 


WITH ITS 100-piece attach- 
ment kit ($59), Ryobi's Multi- 
Tool is already multitalented. 
And now it can take on heav- 
jer tasks with a $45 router 
attachment. As a router, the 
Multi-Tool features a see- 
through base, edge guide, 
and dust collector. An op- 
tional set of seven *4-inch 
router bits costs $39. 
www.ryobi.com 


Brighten the Night— Covertly 


NIGHT-VISION BINOCULARS enhance available light, but what 
if there's no light at all? One solution is the Illuminator, a light 
source that can be seen only 
with night-vision gear. Its 16- 
diode array bathes subjects 

as far as 100 yards away in 
infrared light. The flashlight 
operates for as long as 6 hours 
and is powered by four D-cell 
batteries. Price: $199. Covert 
Illumination Technologies, 
1801 Royal Lane, Suite 509, 
Dallas TX 75229. 


EDITED BY SUZANNE KANTRA KIRSCHNER 


MULTI IMAGE 


Research by Lisa Orkin 


Downsizing 
Digital 

SHARP'S NEW VE-LC2 digital 
camera squeezes a big (2.5- 
inch) bright color LCD 
screen into a small pack- 
age—a mere 4.3 by 2.4 by 
1.3 inches. The VGA camera 
also features a 270-degree 
rotating lens, optical view- 
finder, wireless infrared con- 
nections, TV output, and 
4MB of internal memory 

for storing as many as 120 
pictures. Price: $499. 

www. sharp-usa.com 
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Racing in the Streets 


jo RATHER THAN BUILDING cities, you'll be 
speeding across the blacktop of 50 prebuilt 
metropolises in Streets of SimCity, the latest 
in Maxis' series of simulation games. Your 
missions range from urban drag-race chal- 
lenges to undercover spy assignments. You 
y can customize cars and race courses, and 
even barrel down the boulevards of cities you 
may have constructed with SimCity 2000. 
Price: $45, for Windows 95. www.maxis.com 


Extreme-Terrain 
Skates 


GO OFF-ROAD with Coyote 
all-terrain inline skates. 
Their 6-inch pneumatic 
tires absorb shock. Tradi- 
tional polyurethane wheels, 
in comparison, are designed 
for smooth, hard surfaces. 
Coyote's brake, located on 
the right skate, is activated 
by pressure on the front cuff 
of the boot; a drum then 
lowers between the back 
two wheels, slowing them 
down. Price: $499. Roller- 
blade Inc., 5101 Shady Oak 
Rd., Minnetonka MN 55343. 


Ultrathin 
but Feature-Rich 


THE PEDION weighs 3.1 pounds and 
measures a slight 0.7 by 11.7 by 8.6 
inches. But it's packed: a 12.1-inch 
color SVGA active-matrix display, 
233MHz Pentium MMX processor, 1GB 

hard drive, 64MB RAM, two Type II PC Card 
slots, speaker, microphone, and USB port. 
Price: $5,995. Mitsubishi Electric America, 
Mobile Computing Div., 5665 Plaza 
Dr., Cypress CA 90630. 


Lux Sedan 


| CHRYSLER'S SPARE-NO-LUXURY approach to full-size lux- 
ury cars is expressed in the 1999 LHS sedan. Among the 

distinctive touches are electroluminescent instrument 

gauges that mimic watch faces. With a 113-inch wheel- 

base and 208-inch length, the LHS is the largest of the 

> LH-based sedans. A 253-horsepower 3.5-liter V6 supplies 
the power. The anticipated base price is about $30,000. 


fono: marcn 19098 


WHAT’S МЕЛ 


KidTalk = 5 = 
[t ae) реу 
LET'S GO READ-An Island Adventure is the first children’s CD- oe " 
ROM with voice recognition. As the child works on reading E! ње Ce. 4 
comprehension, the computer detects whether or not the ај " 


spoken words match those displayed and provides instant pS a g & $ 
feedback, either audibly or onscreen. A headset with micro- / 
phone is included. Price: $45, for Windows 95 PCs. Edmark, 
Box 97021, Redmond WA 98073. www.edmark.com 


* The dog eats the саг 


C-Class Notes 


MERCEDES 1999 C-Class compact sedans get a facelift, with 
re-sculpted bumpers, wheel flares, and side sills. Standard 
equipment now includes side airbags and BabySmart, a detec- + 
tor that deactivates the passenger-side airbag when a made- 
for-Mercedes child seat is in use. A 2.8-liter 18-valve sohc V6 
replaces the inline six that previously powered the C280. 
Horsepower hasn't changed (194 at 5,800 rpm). Neither has 
the price: The four-cylinder C230 costs $30,450 
and the C280 runs $35,400. 


Comfort and Control 


EASTON'S Z-AIR SKATES' stiffer carbon- 
fiber blade holders and ergonomically 
designed boots give hockey players 
more comfort and control. Replaceable 
| stainless steel blades сап be easily ге- 
moved for sharpening. The wrap-around 
outsole prevents medial and lateral foot 
roll. Foam pads adapt to the foot's 
position for better ankle sup- 
port. Price: $400. Easton 
үз” Sports, 7855 Haskell Ave., 
Suite 200, Van Nuys 
CA 91406. 


Tiniest of Them All 


MEASURING ONLY 3.7 by 2.5 by 1.5 inches and weighing 
a mere 7.4 ounces, Canon's Elph 3702 is the world's 
smallest and lightest 3x zoom camera. Its tiny red- 
eye-reduction flash automatically pops out when 
you turn the camera on. Advanced Photo System fea- 
tures include mid-roll change. Price: $500. Canon € 
U.S.A., One Canon Plaza, Lake Success NY 11042. 


uode 


р 
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Digital Mavica 


Imagine That. On a Floppy." 


10x optical zoom lens * Up to 500 shots per battery charge* • 5 exposure settings * 4 in-camera special effects 


Standard 3.5" floppy disk * No wires, cables or drivers * Up to 40 images per floppy * Universal JPEG file format 


Database Files Spreadsheets Word Processing Documents Page Layout Documents 


| ACCIDENT CLAIM FORI 


Add images with ease * 640 x 480 24 bit VGA color « Mac/Windows compatible 


continuous recording at 10-second intervals with fash off. 
www.sony.com/mavica SPESE Tal Ora Hasty Been Sear ын SONY. 
жо баета ot Sony. 


Squared Away 


CORNERCLIPS OFFER A NEW alternative to conventional 
paper clips. The plastic CornerClips bind papers by 
clamping their corners together within a flexible triangular 
base. Each CornerClip aligns and fastens as many as 50 
pages. Price: about $2 for a package of six. OfficePro Inc., 
104-70 Queens Blvd., Suite 300, Forest Hills NY 11375. 


Java Phone 


NORTEL'S PROTOTYPE COLOR touchscreen phone lets you access 

Web pages and services, and send and receive e-mail. The phone 
will also run small applications that have been created with the 
Java programming language. The phone should be available late 


this year. The price is not yet set. www.nortel.com 


Shock Stopper 


SHOCK AND vibration trans- 
mitted through a golf club 
during a swing can take all 
the sweetness out of your 
stroke. Prince's Thunder- 
Stick irons combat both 
problems: The Shock Eraser 
is an elastomer butt cap 
with a thermoplastic core 
to absorb impact force. The 
Cushion Wrap grip, synthe- 
tic leather with a felt back- 
ing and polyurethane slip- 
resistant outer coating, 
provides further protection. 
Price: $900 for a set of 
irons. Price Sports Group, 
One Sportsystem Plaza, 
Bordentown NJ 08505. 
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. The Switch 

/ REPLACING AN electric range with a gas unit usually 
means calling an electrician. But not if you have the 
Noma Power Adapter for gas ranges, a 220- 110- 
volt converter. You simply plug: your gas 
the converter, and then into your existing В 
range outlet. Price: $20. Consumer Gas, Box 650, 


хи Ont., M1K 5E3 Canada. 
Е 
Кы M 


xc 
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MOST MEETINGS ARE SAVED BY SOMEBODY PULLING SOMETHING FROM 
THEIR BACK POCKET. LIKE A COLOR PRESENTATION. 


With its 640 x 240 pixel color screen, the new HP 620LX lets you do everything in color: 


send e-mail, surf the net, create spreadsheets, give compelling presentations. Wherever, 


whenever. www.hp.com/handheld 


THE NEW HP 620LX COLOR PALMTOP PC 


56 play 


[ГД] premens 


THIS PRODUCT 
IS NOT A SAFE 
ALTERNATIVE TO 
CIGARETTES 
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WHAT'S NEM 


Money Minder 


WITH PAPER MONEY, it's easy to check how much you 
have, but for cash cards you need a reader. Now, 
one is available in Oki's Value-Checker Plus 
Personal Smart Card Readers. The 


Power-Line 
Reporter 


THE STRATA POWER Command 
Center AV-series tells you when 


readers are being distributed 
with Mondex and Visa cash 


cards in New York City И 
trials. The reader 
has a small keypad, ` 


which enables the 
owner to lock and 
unlock the cards. 
www. oap.oki.com 


Dialing for Savings 


YOU PAY LOCAL-CALL rates for long-distance calls 
when you reroute them over the Internet. Now, with Inno- 
media's InfoTalk, no PC is required. InfoTalk sits between 
your phone and the wall outlet. Simply dial a phone number 3 
and then push a button on the system to route the call 

normally or via the Internet. The catch? The sound on Net 

calls may not be as clear. Price: $299. www.innomedia.com 


lightning strikes—and if the 
resulting surge has 
blown a protective fuse. 
Move the uninterrupt- 
ible power supply from 
horizontal to vertical, 
and the display auto- 
matically adjusts to 
read line voltage, min- 
utes of operation re- 
maining, and percentage 
of energy left in the battery. 
The unit provides full protec- 
tion for four components and 
one phone. Price: $499 or $699, 
depending on battery capacity. 
XS Technologies, 3001 Curry 
Ford Rd., Orlando FL 32806. 
www.xstech.com 


Chainsaw in Hand 


ATTACH THE BEAVER Mini-Blade to an angle grinder and 
you've got a punchy power tool that slices through plastic 
pipes, prunes trees, and carves wood. With a radius of 4% 
inches, the stainless steel blade fits most 4- and 44-inch 
angle grinders. Price: $27. Saw-Tech Industries, 1141 S.E. 
Grand Blvd., Suite 122, Oklahoma City OK 73129. 
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haul some concrete. 


And barely break a sweat. With the largest payload of any Toyota Truck, the full-size T100 can haul 


move some lumber. 


loads of stuff and still leave time to achieve even loftier goals. Not too bad for a day's work. 


save the world. 


—À = 


ТОҮОТА | EVERYDAY 


1800-GO-TOYOTA 4 ww w.toyota.com | 


© 1997 Toyota Motor Sales, U.S.A., Inc. Buckle Up! Do it for those who love you. 


WHAT’S NEM 


a d DO YOU LIKE to use your keyboard when you 
play games, but can't remember which key 
does what? The PC Dash touchpad displays the 
function of each key. Insert a sheet of paper 
corresponding to the game you want to play, run 
the bar-code scanner across the top of the sheet, 
and PC Dash is configured. Sheets provided are for 
popular games; additional sheets can be down- 
loaded from www.saitek.com. Price: $70. Saitek In- 
dustries, 2295 Jefferson St., Torrance CA 90501. 


Cards to Go 


THE MULTIMEDIA Card, de- 
veloped by SanDisk and 
Siemens, is the world's 


Snorkel-Mobile 


THE MAXX STEALTH is the first propulsion vehicle for 
snorklers: It generates 10 pounds of positive buoyancy 
to help keep them afloat (like a kickboard), or can be 
adjusted to neutral buoyancy for 
diving. The unit propels 
snorkelers at speeds of 
about 2 mph for more 
than an hour. Price: 
$1,195 to $1,995, 
depending on bat- 
tery and motor 
configuration. 
Mode Industries, 
1701 W. Broward 
Blvd., Ft. Laud- 
erdale FL 33312. 


smallest solid-state storage 
device. Roughly the size of 
a quarter, it will come in 
flash and read-only mem- 
ory versions in capacities 
up to 10MB, and be used in 
future cellular phones, 
pagers, and other handheld 
products to add such ad- 
vanced features as storing 
voice and text messages. 
www.sandisk.com 


Power Package 


THE 1999 BMW 3 Series sedan shows an evolution that 
retains most of the lines of BMW's sport sedan. The body 
is slightly larger, and will be available for the 1999 
model year as a 4-door, coupe, and convertible. A new 
powertrain includes a 168-horsepower 2.5- 
liter inline six-cylinder engine that 
replaces the old four. The six is 
30 horses more powerful 
than its predecessor. 


marcn 1998 EUN 
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| Dual Roller 
: ROLL THE BALL in the IntelliMouse TrackBall to navi- 
gate; then turn the wheel to zoom in on a document. 
Microsoft's first trackball, the IntelliMouse has 
the wheel that is on the company’s 
£ mouse, plus two standard but- 
- e: tons on the left side, making 
it decidedly for the right- 
m handed. Price: $85. 
CN Microsoft Corp., One 
Microsoft Way, Red- No-Slip Glasses 
" Microsoft mond WA 98052. 
^ www.microsoft.com THE SUHVAN PROTOTYPE bridgeless eyeglasses won't slide out 
of place. The frames fit snugly at your temples to reduce 
pressure on your ears and hold the lenses suspended in front 
of your eyes. The lenses extend to the side to provide better 
peripheral vision. Suhvan, 555 Main St., E. Greenville PA 18041. 
B 
Rot Prevention 
MANY VEGETABLES and fruits naturally release ethylene 
gas, a ripening agent that can accumulate in crisper 
4 bins—leading to prematurely rotten produce. Extra Life 
discs contain zeolite granules coated with potassium 
permanganate; the two compounds chemically attract 
ethylene and then oxidize it to render it inert. The discs 
cost about $4, and last three months. Dennis Green Ltd., 
7700 E. Arapahoe Rd., No. 330, Englewood CO 80112. 
> 
E 
* 
+ 
Вїсус!е Воаї 
THE NAUTICRAFT ESCAPE watercraft uses а bicycle-type drivetrain to turn 
р a large efficient propeller, instead of the traditional paddle wheel. This 
setup increases speed while reducing effort, says the company. The 12-foot 
Y craft costs $2,850, or $3,500 when equipped with a convertible top and 


bilge pump. Nauticraft Corp., 5980 Grand Haven Rd., Muskegon MI 49441. 
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From ragtops to laptops ... from microbrews to 
running shoes ... the ultimate source for the 
latest and greatest in personal technology is 
Verge. We tell you everything you need to 
know about the coolest stuff: how to get it, 

use it and love it. Whether it’s contour skis, =. 
_ SUVs or Web TVs, it's all here, in - е 
every eye-popping issue. Verge is 

the practical guide to today’s fast-paced lifestyle ... 


your 


LÀ | want to subscribe to VERGE. 


= NAME 
1 I'll pay just $9.97 for 6 issues - а savings (please pant) 

| I'll pay just $14.97 for 12 issues - a 68% savings ADDRESS APT. 
To order by phone call: 1- 888- 77VERGE city STATE 21Р 


Brought to you by 


Applicable sales tax will be added. Please allow 4-6 weeks for delivery of first issue. Foreign orders add $8 per year. 
Canada orders add $7 per year for postage and GST. Mail to: 1800 Nelson Rd. Longmont, CO 80501 
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Compressorless 
Nailing 
Pollutant- BAMMER CORDLESS nailers use 
the same principles found in а 
Free Pram 


car's internal combustion engine: 
A spark ignites vaporized gas from a 
fuel cell, which makes a tiny explosion 
that drives a nail. The piezoelectric igni- 

tion, which converts mechanical energy to 


THE PLASTIC covering on 
the BabyAir stroller keeps 
out rain and pollutants. A 
battery-powered blower 
and filter unit at the top 
gently pressurizes the inte- 
rior space with fresh, fil- 
tered air, to protect the 
baby inside. The stroller 
converts to a carriage to 
accommodate a sleeping 
infant. Price: approxi- 
mately $800. Babysphere 
Ltd., Unit 6C, 29 Consul 
Rd., Rugby, Warwickshire 
CV21 1PB England. 


or charger. Each fuel cell should fire about 
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Box 2468, Jackson TN 38302-2468. 


Letter Car 


CHRYSLER'S 300M sport sedan takes its 
name from the famed 300-series “let- 
ter cars” of the 1950s. The new chas- 

sis, however, is based on last year's 
midsize LH version. While the 300M 
shares a 113-inch wheelbase with the 
LH, it is shorter overall at 197.8 
inches, partly to avoid the tax penalty 
large cars are assessed in Europe. 
Power comes from the all-aluminum 
3.5-liter overhead-cam V6, with a 
smaller engine in cars slated for over- 
seas. Expected price: about $30,000. 


~ 


make a spark, eliminates the need for battery 


3,000 nails. Price: about $300; fuel cells cost 
$7 apiece. Porter-Cable Corp., 4825 Hwy. 45 N., 


Шндт’$ NEW 


Flashier Pocket 
Camera 


PANASONIC'S 5-ounce 
PalmCam PV-DC1080 

digital camera is as 

4 tiny as its predecessor, 
d but now has a detachable 
D flash unit, removable memory cards, 
and an improved color LCD viewfinder. 

The VGA camera comes with a base station 
that lets you connect the camera to your 

PC or TV by simply placing it in the camera 
cradle. Price: $549. www.panasonic.com 


The New | 
1 Gig SparQ? 
Because a single SparQ™ 
cartridge gives you 

the same room as 

10 Zip™ disks 


at 1/3 the cost." 


If you're considering buying a Zip!" drive 
stop and consider buying the new one gig 


removable cartridge drive from SyQuest. y 


And SparQ™ is now available at: 

CompUSA, Computer City, Best Buy, Micro Center, J&R Computer World, Fry's. 
Datavision, Elek-Tek. RCS Computer Experience, Egghead, Creative Computer, 

Future Shop and other authorized SyQuest resellers or сай 1.800.245.2278. 


hnology, Inc 
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[SPACE | 
Flying on Mars 


FOR DECADES, hobbyists have sent 
their radio-controlled model airplanes 
soaring through the skies, performing 
spectacular aerobatics. Now, engi- 
neers want to take this technology 
to new heights: the skies of Mars. 
“It turns out that a small radio- 
controlled model flying at low speeds 
on Earth is approximately equivalent, 
aerodynamically, to a bigger airplane 
flying faster on Mars,” explains Larry 
Lemke of NASA’s Ames Research 
Center. “Much of model airplane 
technology is relevant to Mars planes. 


In fact, the high-efficiency electric 
motors we need for Mars can actu- 
ally be found in a good hobby shop.” 

Recent successes with the Path- 
finder lander and the Mars Global 
Surveyor orbiter (“Braking for Mars,” 
Feb.] have spurred researchers on to 
explore the Red Planet in new ways. 
While Pathfinder viewed a small area 
in high resolution, and Surveyor will 
view the whole planet in much lower 
resolution, a mini-aircraft would cover 
the middle ground—viewing a region 
the size of Silicon Valley at a resolu- 
tion of about 10 centimeters. 

NASA researchers are teaming 
with the Naval Research Laboratory, 
Arizona State University, and Lock- 


nding, the plane deploys 
containing instr 
iland 


heed Martin Astronautics in a project 
called Airplane for Mars Exploration, 
or AME. Initial plans call for the mis- 
sion to use a Pathfinder-derived pro- 
tective shell to enter the martian 
atmosphere. The Mars plane, folded 
into “an origami-like package,” would 
unfold in midair. An electric-motor- 
driven propeller would then fly the 
craft away in the thin martian atmo- 
sphere, eventually landing to study 
the soil with a robotic arm. 

So far, NASA has not elected to 
fund development of the plane, “We 
got rave reviews on the science, but 
they basically thought it was riskier 
than other missions being proposed,” 
says Lemke. So he and his colleagues 
are pursuing an option that would 
launch a smaller scout aircraft from 
a lander. Such a mission would use 
proven technology, while retaining 
aerial reconnaissance capability. 
Lemke sees several advantages. “You 
have time to figure out where you 
want to go, and you can wait for 
a nice, calm day.” Many Mars re- 
searchers hope that day will soon 
come.—Michael Carroll 
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Tick Talk 


ALYME DISEASE vaccine may be 
on the way, now that scientists at 
Brookhaven National Laboratory on 
Long Island have developed a mole- 
cular model of a protein found on 
the surface of Lyme bacteria. 

Lyme disease is a bacterial infec- 
tion spread by deer ticks, which har- 
bor the bacteria in their gut. In 
1996, 16,000 cases were reported in 
the United States. Symptoms range 
from neurological complications to 
arthritis and cardiovascular problems. 
The disease is treated with antibiotics, 
but often takes months to eradicate. 

To determine the structure of 
the Lyme protein, called OspA, the 
Brookhaven scientists used X-ray 
crystallography—a technique in 
which the protein is crystallized and 
then bombarded with X rays. As the 
tays pass through the protein, they 
diffract and produce a distinctive 
pattern on film. The scientists ana- 
lyzed the pattern to determine the 
molecular 
structure of 
the protein. 
They then 
used the mole- 
cular model to 
create a syn- 
thetic version 
of the protein. 


“Knowing 
he:struct Deer ticks harbor bacteria 
the structure that cause Lyme disease. 
of OspA allows 


us to create a better vaccine for р 
Lyme disease,” says Cathy Lawson — | 
of Brookhaven. Patients can be im- | 
munized with synthetic OspA, giv- — ' 
ing their bodies a chance to build i 
up antibodies to the protein. Later, | 
when a tick bites the patient and р 
begins sucking blood, Lyme bacteria | 
in the tick’s gut will be exposed to р 
antibodies т the patient’s blood. i 
The bacteria will then die, before р 
they have a chance to enter the hu- ! 
man host’s body.—Sharon Parmet i 


Kickoff in Kyoto 


ECONOMISTS AND politicians are de- 
bating how consumers and businesses 
will be affected by the Kyoto Protocol 
—the international agreement reached 
in December at the United Nations Cli- 
mate Change Conference in Kyoto, 
Japan. But most scientists agree that 
the protocol is just the beginning of 
long-term efforts to minimize the 
human impact on global climate. 

The scientific community reached 
an historic consensus on the issue 
three years ago when the Intergovern- 
mental Panel on Climate Change—a 
group of 2,500 scientists brought to- 
gether by the United Nations to review 
all available scientific studies—con- 
cluded that “the balance of evidence 
suggests that there is a discernible 
human influence on the global cli- 
mate.” The panel said that increasing 
atmospheric concentrations of green- 
house gases, which trap heat and 
warm the Earth, could boost global 


Edible Antifreeze 


THREE ENGINEERS at NASA's 
Ames Research Center have devel- 
oped a deicing fluid that's good 
enough to eat. The fluid, which is 
biodegradable and nontoxic, is so 


safe that the Food and Drug Admin- 


istration has approved some of its 
ingredients for use in food. 

The *green goop," officially 
called the Ames Environmentally 
Friendly Anti-Icing Fluid, can be 
used on airplanes, bridges, runways, 
ships, and cars. It clings to surfaces 
and forms a barrier against ice. 
When a plane or car starts moving, 
the fluid thins out and blows away, 
so that planes using the deicing 
agent will have clean wings when 
they take off. Robert Lockyer, a 


temperatures 2°C by 2100, raising sea 
levels and playing havoc with global 
weather patterns. But scientists warn 
that the complexity of the global cli- 
mate system makes projections about 
the effects of gas concentrations ex- 
tremely imprecise. 

Under the Kyoto Protocol, devel- 
oped countries will cut gas emissions 
by 5.2 percent by 2012. But that won't 
be enough to prevent a doubling of 
greenhouse gas concentrations over 
pre-industrial-era levels by the end of 
the next century, because greenhouse 
gases such as carbon dioxide linger in 
the atmosphere for decades. 

The Intergovernmental Panel is 
planning a new round of studies that 
will, it is hoped, give a clearer picture 
of the relationship between green- 
house gases and the climate by 2000 
or 2001. In the meantime, panel 
chairman Robert Watson describes the 
Kyoto Protocol as "a first step" in mit- 
igating human-induced global climate 
change.— Dennis Normile 


coinventor of the Ames fluid, says 
it has the consistency of lime sher- 
bet when first applied, and limeade 


when the plane is moving. 


The anti-icing fluid contains no 
ethylene glycol, a poison found in 
other deicing agents. Nor are there 
any caustic ingredients such as salt, 
which can corrode metal over time. 
Instead, the fluid contains propy- 
lene glycol, an ingredient of cough 
medicine and candy bars. 

If airports switch to the more 
enviromentally friendly anti-icing 
fluid, the spilled portion of the 400 
to 1,000 gallons of it used to deice 
each plane will be collected and re- 
cycled, as with today's fluid. Recy- 
cling is necessary because the new 
fluid can harm aquatic wildlife if it 


grades in water, the fluid depletes 
oxygen.—S.P. 
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makes its way into streams. As it de- 


Burial at Sea 


EDWARD TEACH, better 
known as the pirate Black- 
beard, terrorized the Caroli- 
nas and Virginia during the 
early 18th century. He ma- 
rauded up and down the 
seaboard in a converted 
French merchant ship, the 
Queen Anne’s Revenge. In 1718, ће | 
40-gun vessel ran aground during a Н 
fierce battle, sinking quickly. The Н 
ship has been resting undisturbed | 
in Davy Jones' locker ever since, р 
and would have remained there ! 
were it not for the efforts of Inter- — | 
sal, a salvage exploration company. | 
Using an ultrasensitive magnetome- | 
ter—a sophisticated metal detec- | 
tor—Intersal recently located the М 
ship in 20 feet of murky water near | 
North Carolina's Beaufort Inlet af- — | 
ter a decade-long search. i 
Evidence that the wreck once ] 
belonged to Blackbeard is admit- i 
tedly somewhat circumstantial. But, ] 
says North Carolina state archaeolo- | 
gist Steve Claggett, "theship'sbell | 


Smart Artillery 


THANKS TO A new breed of smart shells that can correct their 
course in mid-flight, the new motto of Army and Navy artillery 
crews may soon be “one target, one round.” Developed by 


Raytheon TI Sys- 
tems, the new pro- 
jectiles are part 
artillery round, part 
guided missile. 
What makes the 
new rounds so accu- 
rate is a GPS re- 
ceiver that tracks 
navigation satel- 
lites. Target coordi- 


Inductive fuse 
setter interface 


GPS antennas 


nates can be entered by the artillery crew, and corrections 
can be transmitted mid-flight from surveillance aircraft. 
Complementing greater accuracy is an increase in effec- 
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Pirate treasure: This bell may 
have graced Blackbeard’s ship. 
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and much of the hardware is 

from the right era.” And like 
Blackbeard’s, the ship is 
built of white oak. 

One puzzle piece still 
missing is the pirate ship 
Adventure. As the Queen 
Anne’s Revenge wal- 

lowed on the edge of 

a sandbar, Blackbeard 

called for the smaller 

Adventure to salvage 
the other ship’s cargo. But when 
the sloop approached, it too hit the 
treacherous sandbar. Records say 
the Adventure sank “within a gun- 
shot” of the larger ship, but its wreck- 
age hasn't yet been found. 

As for pirates' treasure, Claggett 
does not expect to find gold or jew- 
els. More often, the booty was sugar, 
rum, and cotton, which were sold on 
the black market. The real treasure 
of the Queen Anne’s Revenge is its 
historic value. *It's the earliest ship- 
wreck ever found along our coast," 
Claggett says. "The site is going to 
tell us an awful lot about early sail- 
ing, shipbuilding, and shipboard life 
for sailors—whether they were pi- 
rates or not."—M.C. 


MILITARY 


Before Birds Had Wings 


BIOLOGISTS NOW have evidence 
that birds did not descend from di- 
nosaurs after all: The embryos of 
modern birds and reptiles show that 
their “fingers” evolved differently. 

Ann C. Burke, a specialist in the 
development of organisms, and Alan 
Feduccia, a leading critic of the dino- 
saurian bird theory, both of the Uni- 
versity of North Carolina at Chapel 
Hill, analyzed photos of bird and 
reptile embryos as they developed. 
Reptile forelimbs had three digits— 
corresponding to the thumb, index 
finger, and middle finger of the hu- 
man hand. Bird wings, in compari- 
son, were developed from digits 
that match the human index, mid- 
dle, and ring fingers. 

In the contentious world of dino- 
saur research, the finding has not 
gone unchallenged: paleontologists 
Jacques A. Gauthier, of Yale, and 
Mark Norell, of the American Mu- 
seum of Natural History in New York 
City, are already making counter- 
arguments.— Mariette DiChristina 


tive range, from the use of a small high-pressure rocket en- 
gine. When fired from a 5-inch naval gun, for example, the 


Canard control quidance 


Metal bladder 


Modular payloads 


GPS receivers could enable artillery rounds to change course as they fly toward targets. 
That would make it possible, for example, to hit enemies hiding behind steep hillsides. 


shell can hit a target about 63 nautical miles away. A stan- 
dard shell has an accurate range of about 13 nautical miles. 
Smart artillery rounds are cheaper than missiles. The cost 


Slipping 
obturator 


of each shell 
(not including 
its explosive pay- 
load) ranges 
from $5,000 to 
$20,000, depend- 
ing upon its size. 
The new ar- 
tillery makes it 
more difficult for 
an enemy to back- 


trace the trajectory to locate the firing gun. Smart rounds 
are currently being tested as part of the U.S. Navy's Next 
Generation Naval Gun project.—Frank Vizard 
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Fallout in the Attic 


SCIENTISTS HAVE studied the soil 
in and around the Nevada Test Site 
to estimate how much radiation was 
released during nuclear bomb test- 
ing in the 19405, ’50s, and '60s. But 
James Cizdziel, a chemistry gradu- 
ate student at the University of 
Nevada in Las Vegas, wondered how 
much radiation local residents were 


Frozen Lab 


SCIENTISTS ARE BRAVING sub-zero 
weather, 24-hour-a-day darkness, and 
the threat of polar bear attacks to 
learn more about how the ocean, ice, 
and atmosphere interact in the Arc- 
tic. The project, known as SHEBA 
(Surface Heat Budget of the Arctic 
Ocean), will improve forecasts of 
global climate change. 

The centerpiece of the project 
is a 13-month field experiment that 
besan las Сеет when Cana- 
dian Coast Guard ice breaker was 
allowed to freeze into a drifting ice 
floe about 300 miles north of Alaska's 
Prudhoe Bay. Scientists are using a 
variety of instruments on the ship, 
and in the nearby ice and water, to 
measure everything from tempera- 
ture to cloud droplets. 


exposed to inside their houses. 

To find out, he collected undis- 
turbed dust from the attics of 45 
homes near the Test Site. His analy- 
sis showed trace amounts of radio- 
active cesium and plutonium, but 
he was unable to determine how 
much of the radioactive dust en- 
tered houses as fallout from bomb 
tests, and how much blew in later. 
In any case, the radioactivity is so 
low that it does not pose a hazard to 
human health, Cizdziel says.—D.S. 


Dick Moritz, director of the pro- 
ject office at the University of Wash- 
ington, says SHEBA oceanographers 
have already made one major discov- 
ery: In the vicinity of the ship, they 
found that the salinity of the ocean 
water was lower than predicted, and 
the water temperature was unex- 
pectedly high. The scientists think 
the elevated temperature may have 
occurred because there was more 
open water between the ice floes 
last summer than in previous years. 
Dark water absorbs sunlight better 
than white ice floes do. So more 
water brings more warmth, which 
in turn causes more melting. 

“We're trying to quantify how that 
process works in nature, and compare 
that with the way it is simulated in 
computer models," says Moritz. Im- 
proved models will enable scientists 
to make more accurate predictions 
of global climate change.—D.S. 


Where It fa now froze its ида ice 
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Hospital to Go 


IT TAKES DAYS or even weeks to 
set up a portable military hospital 
like the one in which Hawkeye and 
Trapper John performed surgery on 
the TV show "M.A.S.H." But in the 
near future, setup time may be re- 
duced to a matter of minutes, 
thanks to the Advanced Surgical 
Suite for Trauma Casualties, nick- 
named the "hospital in a box." 

A prototype of this portable 
hospital, built at the Tennessee- 
based Oak Ridge Centers for Manu- 
facturing Technology, measures 
about 5 by 5 by 10 feet, and fits 
into the Marine Corps' MV-22 0s- 
prey tilt-wing aircraft. From the 
landing field, the box can be towed 
to the setup site using two tires 
and a trailer tongue that are packed 
inside. Then, in less than 30 min- 
utes, the box can be unfolded to 
create a fully equipped surgical 
suite inside a tent with 900 square 
feet of floor space. The tent holds 
six patients in air-conditioned com- 
fort for triage and post-operative 
care at a battle scene, or for hu- 
manitarian missions. 

To create the folding design, 
“We borrowed some inspiration 
from a baby’s portable crib,” says 
Ken Chipley, the principal engi- 
neer for the project. An early engi- 
neering problem with a gaping 
hinge track in the floor design was 
solved with a patented three-bar- 
link hinge design, which can also 
move laterally. 

Aluminum poles and coated- 
nylon-and-polyester fabric helped 
keep the tent to only 300 pounds 
(the total suite weighs 3,000 
pounds). Sturdy epoxy-carbon 
face sheets stiffen the hospital 
floor and parts of the ceiling, 
while fiberglass-faced polyethyl- 
ene composites form the nonstruc- 
tural parts of the walls.—M. D. 
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Gigabytes to Go 


THE NEED for speed is omnipresent, 
but for millions of PC owners with 
programs, pictures, and e-mail arch- 
ives eating up their hard drive space, 
it's room—not zoom—they urgently 
need more of. Happily, the choices 
and sizes in removable-cartridge hard 
drives are growing, too. 

SyQuest's new Sparq 1.0 drive 
($199) stores up to a gigabyte per 
cartridge, and the cartridges cost a 
mere $39 apiece, or $33 each in a 
$99 three-pack. In dollars per gig, 
that's a new low. But the Sparq may 
not hold that honor for long. A start- 


lomega's Jaz 2 (left) and Syquest's Sparq 
(right) drives put gigabytes of storage 
inside removable, affordable cartridges. 
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up company called Castlewood, run 
by the original founder of Syquest, 
has announced a new drive called Orb 
($199) that's expected to have 2.1] CB 
cartridges available for $30 apiece. 
The company is hoping to move its 
drives into VCRs as well [Electronics 
Newsfront, this issue]. lomega, mean- 
while, isn't sitting on the success of 
its 100МВ Zip drive. Из new Jaz 2 
drive ($549 to $649) can use 2GB car- 
tridges as well as the older 1GB disks 
from original Jaz drives. The disks 
cost $149 apiece, however. 

All three drives are available in 
internal and external models. The 
Orb and Jaz 2 drives work with Win- 
dows PCs or Macs. The Sparq drive 
works only with Windows.—C.O. 


ONLINE 


THERE ARE THOUSANDS of independent Internet service providers in the 
United States, but a handful of online services have the most customers: 


AMERICA ONLINE: 10 million 


INTERNET SERVICE PROVIDERS: 7.5 million 


COMPUSERVE: 5.5 million* 
MICROSOFT NETWORK: 3.0 million 
PRODIGY: 1.0 million 

OTHERS: 1.0 million 


Source: Cowles/Simba “Pending sale to AOL 
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Virtual Tax Man 


TAX TIME IS looming large, but 
you don’t have to face it alone. 
The Web provides everything from 
in-depth explanations of the new 
1997 tax laws to instructions on 
filing your taxes electronically. 


Surprised Sailor 
IRS TaxFax Service 
Waiting In Every Port 
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The IRS gives daily tax advice online. 
If your first instinct is to turn 
to the IRS for tax information, you 
can get that on the Web, too. The 
IRS Digital Daily (www.irs.ustreas 
-gov) provides answers to tax 
questions, up-to-the-minute filing 
information, tax tables, and tax 
forms, among other services. 
Afraid the IRS will turn around 
and audit you once they're done 
helping you? Money magazine 
(pathfinder.com/money/features/ 
auditbait 0196) has a question- 
naire that will predict if you're a 
likely candidate. And it gives tips 
on how to avoid being audited. 
You can file online with 
Quicken's TurboTax Online (www.qui 
cken.com). It lets you fill out 1040 
EZ or 1040 federal forms with lim- 
ited schedules, as well as Califor- 
nia state forms. You can print or 
file directly to the IRS for less 
than $10. If you need an expert, 
the Tax Wizard (www.taxwizard.com) 
will prepare your taxes for you— 
for a fee, of course. You answer some 
questions online, and a CPA at the 
firm of Hargrave and Hargrave 
will prepare your taxes and mail 
you a copy of the pertinent forms. 
—Suzanne Kantra Kirschner 


COMPUTERS & SOFTWARE; 


Memo: Tape to Text software. ViaVoice, like Dragon's sim- 
ilar NaturallySpeaking software, is 
WHAT DO YOU get when you mergea a “continuous speech” voice-recogni- 
digital voice recorder and conversa- tion program that does not require 
tional speech-recognition software? distinct pauses between words. A 
According to IBM and Olympus, you cable or PC Card adapter will allow 
get a “virtual office” —апа probably you to transfer voice notes from the 
the next best thing to a traveling recorder to a PC and have them au- 
assistant with good steno skills. tomatically transcribed into editable В 
The two companies have teamed text оп the screen. EcoMall 
up to take voice recognition on the The yet-to-be-named bundle is www.ecomall.com 
road. Olympus’ 01000 digital voice expected to cost less than $400 (the Environmentally conscious? 
recorder, which records sounds as recorder alone costs about $250), and Check out listings of ecology- 


computer data on flash memory cards, 
is being paired with IBM's ViaVoice 


the package is slated to be available 
this month.—C.0. 


minded investments, gifts, 
restaurants, and business 


opportunities. 


PhysLink 

www.physlink.com 

The “ultimate physics resource” for 
students, buffs, and masterminds. 


tem that could use the Internet to 
detect and eradicate a virus on a com- 
puter anywhere in the world—with- 
out direct human intervention. Using 
neural network and expert system 
technologies, the scientists succeeded 
in creating what they’re calling an 
Immune System for Cyberspace. The 
system works this way: A computer in 
a local area network detects some pro- 
gramming code or a file that might 
contain a virus. It sends a copy to an 
"administrator" PC, which in 
turn forwards it over the In- 
ternet to an IBM analysis lab. 
The automated lab verifies 
that the sample contains a 
virus, extracts a signature to 
identify the virus, figures 
out how the virus infects 
other computers, and sends 

a prescription back to the ad- 
ministrator PC, which disin- 
fects the PC with the virus. 

It can be a quick fix. A 
new virus can be found in 
Albania, and computers in 
Tokyo can be immunized 
against it a few minutes later, 
according to Steve White, the pro- 
ject’s senior manager. The recently 
patented software might be turned 
into a commercial product later in 
1998.—Michael Antonoff 


Inoculating the Net 


High-Speed Ground Transportation 
www.hsgt.org 

The station for the latest on fast rail 
and maglev trains. 


MORE THAN 14,000 computer 
viruses are known to exist, and new 
ones are being reported at the rate 
of six to eight a day. And an epidemic 
can spread quickly in our wired world 
from uploading and downloading in- 
fected files. But the Internet’s long 
arms may provide a solution, too. 


Old Ireland 

www.ireland.org 

Photographic images of an Ireland 
gone by, with repros for sale. 


Emeril Legasse 
starchefs.com/elagasse.html 

The man, the chef, the recipes, the 
book, the restaurant. 


Home Recording Rights Coalition 
www.hrrc.org 

Tapers unite to learn about and de- 
fend their reproducing rights. 

Net Insider Profiles 
www.netinsider.com/audio 

Audio clips of interviews with Inter- 
net movers and shakers. 


QTVR World 

www.qtvrworld.com 

360-degree images from around the 
world. 


U.S. Lawnmower Racing Association 
www.letsmow.com/uslmra 

Riding mowers step on the gas while 
cutting the grass. 


— Suzanne Kantra Kirschner 


Back in 1991, when a virus was з 
more likely to spread via floppy disk, | 
scientists at IBM’s T.J. Watson Re- | 
search Center in Yorktown Heights, | 
New York, began working on a sys- | 
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Natural Computing 


WHEN PEOPLE communicate with 
other people, they frequently speak, 
point, gesture, nod, and maybe walk 
around the room while doing so. 
When people communicate with 
computers, they usually tap on a 
keyboard and maybe push a mouse. 
Makes you wish computers were 
more like people, doesn’t it? 

That's precisely the wish—and 
quest—of Mark Lucente. An IBM 
researcher specializing in human- 
computer interaction, he’s developed 
a prototype of tomorrow’s “multi- 
modal” user interface. Essentially, 
Lucente's experimental interface 
attempts to mimic human senses 
like sight (with an embedded cam- 
era) and hearing (with voice-recogni- 
tion software), and interpret intel- 
ligently what it senses with special 
software algorithms to foster better 
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person-to-computer communication. 

In a recent demonstration, Lu- 
cente asked a computer with a wall- 
sized display to “give me the world." 
An image of Earth appeared. He then 
opened his arms about 2 feet apart 
and asked the computer to *make it 
this big." The Earth image quickly 
enlarged to roughly the diameter be- 
tween his hands. Next, he pointed 
and asked the computer to *move it 
over there," whereupon the image 
moved in the direction of his finger. 
The appearance of such images can 
change or adapt depending on where 
the user is standing, too. 

Lucente says the interface he en- 
visions may be 15 years away from 
practicality, and even simple tasks like 
the ones he demonstrates require far 
more computing power than today's 
PCs possess. But Lucente thinks a 
more human-like approach is already 
overdue. "The PC is really just a 
typewriter shoved under a television 
screen," he says.—C.O. 


PC-TV 


Soft Hardware 


THE LATEST TREND in computer 

hardware? It's going soft—as in soft- 
ware that can handle tasks normally 
performed by hardware components. 

Motorola recently demonstrated 
new "software modem" technology 
that will soon enable computer mak- 
ers to build systems that have 56Kbps 
modems, yet don't have all of the 
usual modem data-pumping hard- 
ware. Rather, the data-control and 
-pumping functions are directed by 
the software and executed by the 
PC's microprocessor. 

Zoran Corp. has its sights set on 
the video and audio decoders that 
accompany DVD-ROM drives. Its 
SoftDVD movie player works with 
Intel MMX processors to play the 
МРЕС-2 digital video and Dolby 
Digital (AC-3) surround sound en- 
coded on DVD discs.—C.O. 


A Wireless Marriage 


YOU'VE GOT A hot new PC with a high-speed modem and a 
DVD-ROM drive in your home office. So do you really need a 
WebTV box or a DVD player in your living room? Maybe not, 
thanks to some clever new wireless systems. 

RF-Link Technology's new Wireless PC@TV extends your 
Internet reach from a PC in one room to a TV in another. It 
uses a scan converter to translate your PC's video display 
signals into signals that a TV can display, and wirelessly 
sends the audio and video signals to a TV using a radio-fre- 
quency transmitter and receiver (see diagram). Since 
they're RF signals, they can travel through and around walls 
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and other obstacles—up to about 100 feet. A wireless key- 
board lets you control your PC from the TV room, and spe- 
cial browsing software makes Web pages easier to read on 
the TV. At $599, it's roughly twice the cost of a set-top 
WebTV receiver, but you can use your regular Internet ser- 
vice provider and printer. 

Hi-Val's DVD Home Entertainment System actually uses 
the same RF transmitter and receiver as the Wireless PC@TV, 
but pairs them with a DVD-ROM drive to let you play DVD 
movies on your PC and broadcast the audio and video to 
your TV. The $849 system includes the DVD drive, a MPEG-2 
video card, a wireless remote, the transmitter and receiver, 
and a half-dozen DVD titles. —C.0. 
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Cordless keyboard 
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Camera in the Round 


IMAGINE PREVIEWING a golf out- 
ing by logging onto a Internet site 
to stroll around the links. Or how 
about visiting a resort to get a peek 
of your room and the surrounding 
grounds. Virtual visits to destina- 
tions may soon be commonplace, 
thanks to a camera that makes film- 
ing a 360-degree environment much 
easier than before. 

No more stitching pieces of film 
to re-create a total environment: The 
Be Here Portal S1 panoramic lens by 
Be Here of San Jose, California, can 
capture an entire area in one shot. 
The lens, which can be attached to 
either a 35mm or digital camera, 
photographs not only everything 
within a 360-degree range, but also 
the sky above. That's not all: Fore- 
ground objects within a 50-degree 
range are captured as well. Images 


Going Interactive 


TV SETS WILL ACHIEVE a new degree of interactivity next 
fall with the introduction of a technology called Wink, 
scheduled to appear first on Toshiba models. Wink allows 
graphics and other data to be broadcast via the vertical 
blanking interval, which is sometimes viewable as the black 
bar between video frames. TV viewers 


can access the extra information by 
clicking on an onscreen “I” icon. 
NBC will be the first broadcaster 
to transmit Wink data. NFL football 
games and the "Tonight Show" are 
expected to be among the first pro- 
grams to utilize Wink. ESPN and TNT 


have signed on as well. Trivia quizzes, 


sports statistics, news, weather, and 


viewer polls will be featured via Wink. 


Football fans, for example, could 
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Mirror with 


Parabolic mirror uses 
rhodium-coated 
nickel to capture 
complete scene 


are initially rendered as a doughnut- 
shaped picture, but Be Here's com- 
puter software quickly transforms 
that picture into a panorama. 

Once the image is converted, you 
have full control over what's being 
viewed. A zoom feature lets you fo- 
cus on a particular area. And a series 
of images can be linked, for a sensa- 
tion of movement from one space 
to another. You control the viewable 
space, so you see through your own 


aluminum-coated 


Light path 


The Be Here panoramic camera takes 
а 360-degree picture in one shot. 
Software converts the circular picture 
into a viewable image on the Internet. 
eyes, rather than a cameraman's. 
The camera costs about $10,000, 
so its initial use may be limited. The 
company, meanwhile, is developing 
a live-video version with the same 
features as the still picture lens. 


Such a camera would prove handy for 


TV news organizations looking to 
increase traffic on their Web sites, 


for example. Be Here estimates that 
the live-video model will be available 


early this year.—F. V. 


access a team's offensive and defensive rosters or check on 
other scores around the league, using their remote control 


Wink offers television viewers interactivity. 


as a pointer. The new television sets will include modems 
that will allow program watchers to respond via telephone 
lines. Wink may also be soon employed by cable television 
systems in much the same manner. 

Wink may appeal to advertisers, since viewers will be able 


to interact with commercials. With 
Wink, you could purchase a product 
on the spot, ask for brochures or free 
samples, or request money-saving 
coupons simply by pushing a button 
on your remote control. 

Wink already is available in Japan 
and is included in TVs made by JVC, 
Panasonic, and Sony. If Wink catches 
on there, it's likely these manufac- 
turers will include Wink in their 
U.S. products.—£ V. 
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Record ona Disc 


YOUR NEXT VIDEO recorder might 
not use magnetic tape at all. The 
newest wrinkle in video recording is 
called M-DVD, and it soon may ap- 
pear at a store near you. 

The acronym means magnetic 
digital versatile disc, and it applies 
to a new 3.5-inch removable storage 


medium with 2.1 gigabytes of capac- 


ity. That’s enough to record 133 min- 
utes of video (sufficient for most 
movies) using MPEG2 digital com- 
pression. Such recordings would have 
the quality of Super VHS videotape— 
about 420 lines of horizontal resolu- 
tion, versus about 480 for digital 
satellite TV and 500 for DVD. 
M-DVD is the brainchild of 
Pleasantwood, California-based 


Castlewood Systems and already 
has the backing of Sanyo Elec- 
tronics, which has made a proto- 
type VCRHike deck. Castlewood, 
founded by Seagate and Syquest 
veteran Syed Iftikar, 
says M-DVD can 
be used for stor- 
age in a wide 
range of consumer 
electronics, computer, and 
telecommunications products, in- 
cluding TV set-top boxes. The com- 
pany estimates that an M-DVD drive 
could sell for $200, and its remov- 
able hard-disk cartridge for about $30. 
The system achieves its huge ca- 
pacity by using magneto-resistive 
technology similar to that which en- 
abled IBM recently to announce a 
16.8GB hard drive for desktop PCs. 
Capacity aside, what makes M-DVD 
capable of recording high-quality 


Dubbed Orb as a prototype, M-DVD stores 
133 minutes of video on a 3.5-inch disc. 


video is its fast data-transfer rate 
—12.2MB per second, according to 
Castlewood. By way of comparison, 
today’s 3.5-inch floppy streams data 
at less than 100 kilobits per second, 
too slow for motion video, M-DVD 
can record video at greater resolution 
for shorter periods of time, says 
Castlewood: about 72 minutes with 
DVD-like specs; 48 minutes with 
studio-master quality; or alterna- 
tively, more than 3 hours of CD- 
quality stereo, or about 2,400 digital 
snapshots.—Stephen A. Booth 


SPORT UTILITY VEHICLE 
BUYER’S GUIDE 


Ownership Costs 
Repair Histories 
Insurance Ratings 
Recall Records 
Quality Ratings 
Complete Specs 


It's all here...in the Sport-Utility Buyer's Guide. Popular 
Science Magazine presents their second annual guide, 
devoted exclusively to sport utility vehicles. Our team 
of experts have tested and rated more than 40 
vehicles in a full-color, easy-to-use format. 


This special edition buyer's guide is packed with all 
the information needed to make smart 
decisions, all for $3.99. Find out which 
vehicles have the right features -- at 
the right price! 

Call today! 


The Essential Sport-Utility Buyer's Guide is published once а 
year by Times Mirror Magazines. Please allow 4-6 weeks for delivery of your 
issue. Please add $2.00 for postage and handling for U.S. and 
Foreign/Canadian orders. 


To Order Call Toll-Free: 


1-800-448-8082 . 


Have your VISA, MasterCard or American Express card ready. 


Brought 


To You By 
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Virtual Surround 


ARECENT STUDY by the Electronic 
Industries Association found that 
while 90 percent of the respondents 
would like a home theater, only 5 per- 
cent have the necessary equipment. 
For most people, the complexity of 
installation and the cost of compo- 
nents are big deterrents. 

Perhaps the largest investment 
involves the addition of speakers re- 
quired for surround sound. 

If cost and space are holding you 
back, you may want to try a new 
palm-size device from Virtual Lis- 
tening Systems of Gainesville, Florida, 
called the Cyclone 3D, which offers 
a surround sound effect from only two 
speakers instead of the normal five. 

Listing for $99, the Cyclone 3D 
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connects be- 


tween your 

VCR and your d 2 
stereo receiver Bs ес 

or between p" 

your VCR The Cyclone 

and stereo nds In for the 

TV. The center rear channel 

Cyclone 3D  SPeakers of a home theater. 


uses a variation of Dolby surround 

processing, called Virtual Dolby 

Surround, to decode the audio sig- 

nals that would normally be heard 

through rear speakers, for example. 

While the effect wasn't as pro- 

nounced as with a five-speaker set- 

up, the Cyclone 3D device did a { 

credible job of making the sound i 

more encompassing. The experi- | 
i 
| 
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a тои 


speakers 
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The Cyclone 3D also brings extra 
options. A 3D Boost increases the 
bass and an automatic control in- 
creases the volume of quiet passages 
such as dialog while decreasing 
louder sounds—useful if you don’t 
want to disturb the neighbors.—F.V. 


ence was similar to the surround 
sound attained by RCA’s SRS sys- 
tem, which is now being built into 
many of the company’s newer TVs. 


SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health. 


Wall of Sound 


YOU'VE GOT THE big screen, the 
speakers, and some type of surround 
sound circuitry, whether it be Dolby 
Pro Logic, DTS, or THX. You crank 
up the volume, but the audio doesn’t 
quite sound right—the dialog is 
continuously overwhelmed by the 
movie's sonic effects, for example. 
Most of the time, such problems 
can be solved by some adjustment 
of the control settings or by varying 
the speaker placement. But if reme- 
dies like these fail, the walls them- 
selves may be the problem. Depend- 
ing on the construction material 
used, some walls either absorb or re- 
flect too much sound, souring the 
home-theater system sound. 
Owens-Corning, the well-known 


insulation maker, is branching out 
with the development of an acoustic 
panel designed to improve the sound 
in rooms. These panels can be used 
in new construction or to retrofit a 
room, much the same way as a home- 
owner would panel a basement, for 
example. The panels can be mechan- 
ically fastened over existing drywall 
in any size room. The panels can also 
be covered with fabric, if so desired. 
The panels, collectively known 
as the Acoustic Room System, are 
made from Fiberglas and gypsum 
boards laminated together. Each side 
is covered with a glass-fiber mat 
treated in such a way that one side re- 
flects sound while the other absorbs 
it. By placing the boards around a 
room and experimenting with which 
side of the board to expose, an ideal 
acoustic environment can be cre- 
ated, says Owens-Corning.—F. V. 
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Tiny Chip Sparks Growth 


GET READY FOR a slew of products 
offering Global Positioning System 
navigation. SiRF Technology of Sun- 
nyvale, California, a maker of GPS 
hardware, has developed a GPS chip 
that is inexpensive and requires low 
power, so it can bring new capability 
to a wide variety of small, battery- 
powered devices such as cellular 
phones and PDAs, where power con- 
sumption is an issue. The amount 
of power used by the chip is signifi- 
cantly less than that of the previous 
generation chip. The new chip may 
also make a variety of such new de- 
vices as child-locator systems both 
practical and affordable. In addition, 
the new GPS chip should be a more 
affordable feature for cars.—F. V. 
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REMEMBER WHEN ALL YOU NEEDED TO CARRY · 


My, how Кире grown. "—— how their stuff has grown. Enter the Chevy" Astro? It has over 170 cubic feet" of 

cargo room to stuff their stuff. It can seat up to eight passengers. And since Astro has the best towing capacity 
in in its class; any large objects or animals you can't fit inside you can tow outside. Astro, from 

Chevy Trucks. The most dependable, longest-lasting trucks ASTRO 


iu. on the road" Call 1-800-950-2438 or visit 
- su  www.chevrolet.com for the details. 


“With second and third row seats removed. t When properly equipped. Excludes other GM products. 
**Dependabllty based on longevity: 1981-1996 full-line light-duty truck company registrations. Excludes other GM divisions. ©1997 GM Corp. Buckle up, America! 
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Ready for Super Duty 


THE 1999 FORD Super Duty series 
pickups rank with the behemoths 
of the light-truck world. Built on 

a chassis that’s different from the 
under-8,500-pound GVW F-Series’, 


while the underfloor catalyst most 
distant from the engine is electrically 
heated. Hydrocarbons stored in the 
trap catalyst are released for oxidation 
into water vapor and carbon dioxide. 

Phase three is normal operation 
after warm-up; the combination of 
a 32-bit engine-control computer, 
Honda's variable valve timing and 
lift system, and the high-efficiency 
catalysts effectively cleanse the ex- 
haust stream of emissions. 

Honda’s Z-LEV reduces unburned 
hydrocarbons to one-tenth of 1 per- 
cent of that of an uncontrolled car 
or one-tenth of California’s strin- 
gent Ultra Low Emissions Vehicle 
standard. On a smoggy Southern 
California day, air ingested by the 
engine is six times dirtier than what 
leaves the exhaust pipe. Two prob- 
lems remain: the experimental sys- 
tem's cost (about $1,000 beyond 
conventional emission controls) and 
its susceptibility to contamination 
by sulfur in the gasoline supply. 
Japan's fuel is virtually sulfur-free, 
and California's fuel is low in sulfur, 
but there are wide variations in the 


Running Clean 


HONDA HAS introduced an experi- 
mental car that it claims is as envi- 
ronmentally friendly as an electric 
vehicle—that is, if the EV includes 
its fair share of generating-plant 
emissions. The 2.3-liter four-cylinder 
Accord model, called a Z-LEV (zero- 
level emissions vehicle) by its maker, 
uses variable valve timing and lift 

in conjunction with three-phase 
emission controls. 

Emissions from unburned hydro- 
carbons are normally highest the 
first few seconds after a cold start, 
when conventional catalysts are in- 
effective. Honda's Z-LEV strategy 
і calls for ап ultra-lean air-fuel mixture 
during this first phase. Unburned 
hydrocarbons are temporarily stored 
in a special hybrid catalyst for pro- 
cessing later. Loaded with zeolite 
hydrous-aluminum silicate material, 
this device acts as both a trap and 
a high-efficiency oxidation catalyst. 

During phase two, a close-coupled 


A new body cloaks a revised chassis 
for Ford's new Super Duty pickups. 
the trucks now have a cab design 
that distinguishes them as well. 

The styling features a massive 
chrome grille and bulging fender 
flares, cues that this is a big truck 
designed for heavy use. Ford esti- 
mates about a third of the Super 
Duty series are being employed for 
chores such as trailer and RV tow- 
ing; the remainder are in commer- 
cial service. 

Forty-four choices of vehicle 
configuration are available, com- 
pared with 24 on the 1998 series. 
The broad range of body styles now 
includes a four-door supercab, a 
nod to the growing personal use 


` catalyst is activated by exhaust heat rest of the U.S.—Don Sherman of these trucks. 
The Super Duty chassis retains 
Close-coupled £ the twin I-beam front axle that has 


been replaced on Ford’s smaller 
trucks by an upper and lower A-arm. 


fast warm-up 
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Honda achieves very low emissions 
by combining a fast warm-up catalyst 
and technology that traps emissions, 
then reduces them via a downstream 
catalytic system. 
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Hybrid trap heated 
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The twin I-beam suspension is 
rugged but tends to allow unwanted 
changes in wheel alignment. Ford's 
solution was to rework and retune 
this design, along with adding new 
steering gear. The combination 
gives the truck a new precision on 
the highway. 

New engines power these be- 
hemoths: a 5.4-liter V8, a 6.8-liter 
V10, and an improved version of 
the turbocharged, intercooled 
7.3-liter diesel. Prices range from 
$19,200 to $34,200.— D. M. 
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Save wear 
and tear 
on your 

gas gauge. 
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Want better fuel economy? 
Just replace your oxygen sensor 
with a new one from Bosch 
next time you do a tune-up. 

It'll help your engine get the 
optimal air/fuel mixture. That 
improves your car's performance, 
reduces air pollution, and saves 
you money in fuel costs. 

So, if your vehicle was built 
in the '80s or '90s, get a Bosch 
oxygen sensor and give your gas 
gauge a break. Call 1-888-O- 
SENSOR (1-888-673-6767) for a 
retailer near you. 


BOSCH 


©1997 Robert Bosch Corporation, Sales Group. 
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Batteryless Starting? 


ULTRACAPACITORS—capacitors 
that have sufficient energy storage 
to replace batteries for electric or 
hybrid cars—are still in the research 
stage. But a one-off demonstration 
of the potential to store electricity 
without a battery is already running 
in an old pickup truck in California. 
Replacing the battery in his 1982 
Ford pickup with a 150-farad capaci- 
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Reviving the Wagon 


WITH DUE RESPECT to Mark Twain, 
reports of the death of the station 
wagon are highly exaggerated. Mer- 
cedes-Benz is doing what it can to 
sponsor a resurgence of this tradi- 
tional family favorite by reintroducing 
a more spacious midsize car to the 
lineup after a two-year hiatus. The 
new E320 wagon has the usual long 
roof and hinged-hatch access to its 
cargo hold, but practically no increase 
in length over the comparable sedan. 
The standard seating array is 

buckets up front, a 60/40-split fold- 
ing second row, and a rear-facing aft 
bench suitable for two children. The 
middle seat is easily removed. Re- 


configured for ambitious weekend 
projects, the E320 wagon will swal- 
low 82.6 cubic feet of gardening 
supplies and building materials, 


tor (about 1,000 times larger than 
those in common electrical appli- 
ances) built for the Russian military 
has allowed engineer Larry Schlus- 
sler to start his truck without a bat- 
tery. The experimental rig provides 


energy for several starts. The capaci- 


tor is recharged by the alternator. 

The system won't power engine 
accessories, and self-discharges 
rapidly—although it can be topped 
off via a solar cell. Advantages in- 
clude longevity and avoidance of 
toxic lead.—D.M. 
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which beats the Audi A6, Jeep Grand 
Cherokee, and Volvo V70. 

Aimed at customers who need 
extra versatility but can't stand the 
prospect of owning a minivan or 
SUV, the E320 drives little different 
from its sedan counterpart. The 3.2- 
liter 18-valve dohc V6 under the 
hood (a new engine shared with the 
ML320) delivers 221 energetic horse- 
power with a torque curve that's dead 
flat between 3,000 and 4,800 rpm. 

A modest weight increase of 210 
pounds and chassis balance that's 
better than in the four-door result 
in confident road manners. Optional 
gear includes the MU full-time four- 
wheel drive (minus low range) and 
the ESP stability-enhancement sys- 
tem Mercedes-Benz introduced two 
years ago. Pricing starts at $46,500 
for rear drive and $49,250 for all- 
wheel drive.—D.5. 
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Salt Flats Revived 


THE BONNEVILLE Salt Flats, near 
Wendover, Utah, site of numerous 
attempts at land-speed records, have 
been getting smaller for some 75 
years as a local salt-mining opera- 
tion pumps brine from the surface 
of the lake bed. 

A five-year plan to reverse the 


PREVIEW 


Touching All the Bases 


TOYOTA'S 1998 Land Cruiser scores the 
automotive equivalent of baseball's 
grand slam: It's faster, bigger, tougher, 
and more comfortable to ride in than 
its predecessor. 

Extra acceleration and power come 


The new Toyota Land Cruiser adds a high- 
tech V8 engine adapted from the Lexus 
‘sedans to power the SUV. 


courtesy of a 4.7-liter 36-valve dohc 
V8, a first for a vehicle wearing the 
Toyota badge. It’s based on the en- 
gine used in the Lexus LS/GS 400 se- 
ries. And that spells speed: Zero to 
60 in 9.9 seconds, about 2 seconds 
better than last year's six-cylinder. 

The extra quickness is especially 
commendable, because at 5,225 
pounds, the '98 Cruiser outweighs its 
predecessor by about 400 pounds. 
Some of that heft comes from chassis 
reinforcement—50 percent more cross 
members, for example—for more 
structural rigidity and less flex. 

The added frame strength was evi- 
dent when we drove both the '97 and 
then the '98 models across the broken 
washboard roads and steep dirt 
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erosion now is under way. The lake 
will be flooded in winter with brine 
from the salt-mine's holding ponds. 
The mine has no further need for 
the brine after potash has been ex- 
tracted. The plan is to add about a 
half inch of salt a year to restore the 
dwindling lake bed. 

The shrinking lake has severely 
limited top speeds at Bonneville as 
the track shrinks, causing racers to 
seek other sites.—D.M. 
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mounds of the Anza Borrego desert at 
the foot of California's Santa Rosa 
Mountains. The '98 Cruiser floated more 
smoothly over ruts and gullies. In low- 
range four-wheel drive with the optional 
fully locking differential set, we clam- 
bered over roller-coaster-like inclines. 
A new independent front suspen- 
sion factored big in our ride comfort. 
Reconfigured cab-mount cushions and 
silencer material throughout the cabin 
lent an air of serenity, even when stray 
rocks were banging the body hard. 
Topping off the Cruiser's four-base 
hit, the new front seat slides back an 


E 
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additional 2 inches, with 3 inches of 
added legroom stretch in the rear. And 
for a final flourish, Toyota lines a last 
clean single up the middle—there are 
now as many as nine cupholders; last 
year’s model had only two. 

The upgraded Toyota Land Cruiser 
is slated to be available in March. At 
press time, no pricing details had 
been announced.—Bob Sillery 
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Ignoring the Red Light? 


THE NEWEST RED warning light 
on your instrument panel isn’t 
telling you that your engine is in 
danger of failing. The onboard diag- 
nostic systems (OBD II) mandated 
for 1997 light vehicles use a red 
light to warn that the emission con- 
trol system is not operating properly, 
hence adding to air pollution. 

But do drivers, some who casu- 
ally ignore a low-oil-pressure telltale, 
bring their car in for adjustment or 
repair? The answer has implications 
for future emission legislation 
aimed at keeping catalysts working 
for the life of the car, say re- 
searchers at Colorado State Univer- 
sity, who have kicked off a study of 
how drivers are reacting to an emis- 
sion-warning light. 

Among the potential solutions 
being considered are transponders 
that radio a failure to a central emis- 
sion control monitoring group, even 
pinpointing the location of the of- 
fending vehicle. Critics say that dis- 
tant diagnosis raises privacy issues, 
however.—D.M. 


Beating Drowsiness 


A STUDY TO SEE whether a steer- 
ing-wheel sensor can detect the on- 
set of drowsiness is being undertaken 
by Carnegie Mellon Research Insti- 
tute, of Pittsburgh. 

The study—aimed primarily at 
long-haul truck drivers—will use a 
series of cameras to detect eye move- 
ments that indicate the driver is 
falling asleep. The movements will 
be correlated to steering wheel move- 
ments, revealing whether the driver 
is or isn’t making normal corrections. 
The sensor data ultimately will be 
incorporated into a system that shakes 
the driver awake, or sounds an alarm, 
say researchers.—D.M. 
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ANew SUV Prescription 


ALTHOUGH LEXUS IS adamant that its new RX 300 is not 
designed for “serious” off-road driving, our test route quickly 
led us down rutted, slush-covered mountain trails, where 
the RX 300 performed well. 

The RX 300 lacks the high ground clearance and locking 
differentials of real back-country bashers, but when it’s eq- 
uipped with full-time four-wheel drive it can easily handle 
most off-pavement driving, and it delivers an extra measure 
of security on slurpy winter roads. 

The standard RX 300 comes with front-wheel drive, and, 
like Toyota's highly successful RAV4, employs unit-body con- 
struction and a number of passenger-car components. Its 
3.0-liter dohc 24-valve aluminum V6 is essentially the 
Camry/Lexus ES 300 engine, with the addi- 
tion of Toyota's ingenious new continu- 
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the two-wheel-drive version; 4,037 with four-wheel drive) 
yields brisk acceleration by SUV standards—0-to-60 mph 

їп 8.5 seconds—and also contributes to handling response 
that compares favorably with the ES 300 sedan. Fuel econ- 
omy likewise is improved due to the relatively low weight. 

Manufacturers of sport-utilities have discovered that 
most buyers want a commanding view of the road, with 
passenger-car comfort, quiet, convenience, and perfor- 
mance, plus, for many, the extra traction of four-wheel 
drive. And that's exactly what the RX 300 delivers. With 
considerable style. 

Lexus officials concede that their new offering is tar- 
geted at the Mercedes-Benz ML320, and priced it accordingly. 
The two-wheel-drive version starts at $31,550, while the 
four-wheel-drive starts at $32,950.—Tony Swan 


The new Lexus RX 300 combines the 
looks of a station wagon with 


ously variable valve timing system, 
which boosts output to 220 horse- 
power and 222 foot- 
pounds of torque. 
The combination 
of plenty of smooth 
power and the rela- 
tively low curb 
weight that goes 
with a unit body 
(3,789 pounds for 


All-Around Protection 


WHY AM I about to swing a sledge- 
hammer against a BMW 740's front 
side-window glass? Because it's there, 
and because BMW asked me to prove 
a point: Despite my mightiest swing, 
the hammer bounces off the glazing. 
The window shatters but manages 
to remain intact. 

Two more swings leave the glass 
still unpenetrated. Plastic between 
the layers of glass holds the window 
in place; an inner layer keeps the bro- 
ken pieces away from occupants. 

This $2,600 option on the 740 
Series BMWs offers added protec- 
tion against smash-and-grab thefts 
and carjacking attempts. It is not 
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bulletproof, though. The lack of i 
bulletproofing is a step down from Н 
the glass in the 540 Protection [“Bul- ! 
letproof Bimmer,” Feb.], which або | 
includes other “safety” touches such | 
as bulletproof aramid fabric in the i 
doors. Offering the most protection р 
of all is the 750, details of which ! 
BMW, ahem, doesn't discuss. | 

Safety of another sort is provided р 
by DSC Ш, BMW’s yaw-control sys- | 
tem, standard in the '98 540i and р 
the 7 Series. The system featuresa | 
faster electronic-control unit, plus 1 
lateral acceleration, yaw, and brake- — | 
pressure sensors to improve vehicle | 
stability, making a spin virtually im- ! 
possible. The BMW system is simi- | 
lar to that of Mercedes-Benz, with a | 
few differences: It intercedes earlier ! 
but not as severely in controlling ve- | 


four-wheel-drive capability 
in a single package. 


hicle dynamics. Though the 740's 
system is newer than 750iL’s, it in- 
troduces a shortcoming: Mounted 
on the master cylinder, it's more 
audible when it is actuated. 

Should traction be lost com- 
pletely, even DSC III won't bail you 
out. But BMW's head-protection sys- 
tem [Best of What's New,” Dec. 
'97], standard on all '98 740 and 750 
models, may save you. 

Also new for '98 is an “airbag” 
for the starter cable. On impact, a 
pyrotechnic in the battery clamp 
forces a separation in the starter 
cable, reducing the chance that the 
high-amperage cable could spark a 
fire. Meanwhile, a smaller fuse-pro- 
tected cable provides power to un- 
lock doors and run the hazard 
flashers.—John Matras 
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The cleanest wipe. 
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DECREASE 
CABIN PRESSURE — 


Welcome to the Ford Econoline Conversion Van way features like custom audio systems, TVs, VCPs, video 
of travel. Feel free to relax, spread out, and move about game systems and more. 
the cabin. Power for your trip is provided by an advanced-design 
Inside you'll find comfortable seating and available Triton™ engine, with a fail-safe cooling system, and plenty 
of pulling power. Passenger safety is enhanced by Second 
neration dual airbags’ and side door intrusion beams. 
For more information on luxury packages with deluxe 
accommodations like the one pictured above, visit your 
local Ford Dealer. 
Ford Econoline. The number-one-selling full-size 
van for the past eighteen years. America's 
come to depend on it, because it's built 
Ford tough. 


58-FORD or www.ford.com 


FORD ECONOLINE FOR VAN CONVERSIONS. к 
A BETTER VAN TO BEGIN WITH. + Aways wear your safety belt and secure children inthe rear seat 
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The Healthy Home 


WHEN BRIDGET Harrington and 


Bart Main hired a contractor to ren- 


ovate their 75-year-old Minnesota 


home a few years ago, they got more 


than they bargained for. “When the 
contractors pulled apart the walls, 
the air filled with insulation and 
plaster dust,” Main says. Sloppy in- 
stallation of attic insulation allowed 
moisture to condense and mold to 
form. Two water heaters installed 
without a combustion-air supply 
leaked carbon monoxide into the 
home. The entire family got sick. 
The couple’s daughter developed 
a mold allergy that permanently 
weakened her immune system. 


So when the family needed a big- 


ger home last year, it’s no wonder 
they decided to build a new house. 
What’s more, they decided to be- 
come the first participants in the 
American Lung Association (ALA) 
Healthy Home Program. The pro- 
gram, in which ALA certifies new 
homes for good indoor-air quality, 


Taped housewrap 
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has trained 60 builders and is hook- 


ing them up with interested buyers. 

Qualifying homes must meet 
stringent standards, including an in- 
sulated, airtight envelope—for less 
infiltration of outside air—and bal- 
anced mechanical ventilation, tech- 
niques that, says ALA’s Liz Wortman, 
also increase energy efficiency. 

But ALA goes beyond efficiency 
by limiting the sources of indoor pol- 
lution. Paints, solvents, and adhesives 
must contain little or no volatile or- 
ganic compounds. Fuel-burning ap- 
pliances must have sealed combus- 
tion. A central vacuum must exhaust 
to the outdoors. And all air supplied 
to the house must be filtered. ALA 
inspectors monitor construction, 
then test the completed house. 

With Americans spending more 
time indoors, the program isn’t just 
for the chemically sensitive, says 
Wortman.—Charles Wardell 


The Health House seals out mois- 
ture and pollutants with a tight, 
well-insulated building shell (left) 
and foundation (above). 
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Fight with Power 


THE FUTURE OF radon removal may 
be as simple as powering up your 
living room. In tests conducted 
under a grant from the EPA, SR En- 
vironmental of Amherst, New York, 
has shown that electrically charging 
a few furniture surfaces continu- 
ously can eliminate as much as 90 
percent of radon particles circulat- 
ing in a large room. 

Taking advantage of radon par- 
ticles’ affinity for highly charged 
surfaces, scientists attached a 10- 
kilovolt power supply to various 
pieces of furniture—bookcases, 
sofas, tables. After about 3 hours, 
they found the airborne concen- 
tration of radon had decreased 76 
to 90 percent, depending on how 
large a surface area was charged. 

The charged surfaces also at- 
tracted other pollutants, such as 
pollen, spores, cigarette smoke, and 
dust. That's good for clearing the 
air, but bad for occupants who use 
the furniture. The company is now 
attempting to figure out how to ei- 
ther repeatedly clean these surfaces 
or create a single collection plate— 
say, a bookcase—with a surface 
area large enough to be effective. 

Radon, a naturally occurring ra- 
dioactive gas, is the second-lead- 
ing cause of lung cancer in the 
United States. The gas emanates 
from trace amounts of radium found 
in soil underneath or adjacent to 
many homes. The gas itself doesn’t 
do the damage; rather, small parti- 
cles emitted from its decay seep 
through cracks or porous building 
materials and are inhaled. 

SR Environmental is now con- 
ducting more studies to determine 
whether the system is feasible. 
One benefit: It would cost about 
$400, half that of the traditional 
method of subslab piping to re- 
move radon.—Gunjan Sinha 
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HOME TECHNOLOGY - 


A Furnace with Finesse 


EVER NOTICE HOW your house is 
chilly one moment and too warm the 
next? That's because setting your 
home's thermostat at a certain level 
doesn't guarantee the temperature 
will remain there. Most forced-air 
heating systems kick on when the 
house falls a few degrees below the 
thermostat setting, and continue 
blasting heat until the house is sev- 
eral degrees above it. 

A new furnace from Rheem, the 
Classic 90 Plus with Contour Com- 
fort Control, promises to minimize 
these fluctuations. The system is 


blower ensures ef- 
ficient operation. 
The system 
does more work 
than a typical 
furnace—that 
is, it operates a 
larger portion 
of the day. But 
Rheem claims 
that the Classic 
90 Plus has an 
annual fuel uti- 
lization efficiency 
of 94—which is a re- 
spectable rating. Fur- 
thermore, because the 
furnace seldom needs to 
run at full capacity, it is sig- 


programmable 
thermostat, so 
homeowners can 
set it to automati- 
cally drop to 64°F 
at night or during 
the workday, for 
example, or rise 
to a toasty 70°F on 


In addition, home- 
owners can add 
optional remote 
sensors to particu- 
larly cold or warm 
rooms to help even 
out the house’s 
overall temperature. 
Although the 


Saturday mornings. 


the first to combine a modulating 
gas valve with a variable-speed blower, 
enabling the Classic 90 Plus to oper- 
ate at anywhere from 40 to 100 per- 
cent capacity. The gas valve, the first 
furnace unit that can operate at more 
than just a few speeds, continuously 
regulates the amount of fuel neces- 
sary to heat the home, while the 


quiet operation. 


nificantly quieter than con- 
ventional furnaces, which 
produce a loud rumbling noise 
every time they abruptly force 
a large volume of air into the duct- 
work. In fact, the variable-speed 
blower ramps up slowly to ensure 


The furnace works with its own 


Classic 90 combines 
a modulating gas valve and 
a variable-speed blower to 
ensure consistent heating. 


company has not 
yet announced the 
price of the system 
—which will be 

| available to consumers beginning 

| this spring—Rheem predicts that 

| the Classic 90 Plus will cost about 
| $1,000 more than a conventional 

| furnace.—Judith Anne Gunther 


Driving Power Home 


TIRED OF COMBATING power outages with candles? Or hav- 
ing to prime that long-neglected gas generator just to make 
dinner? A new generator from Aura Systems promises to de- 
liver enough electricity during an outage to power a home's 
major appliances—from the car in your driveway. 

The AuraGen G5000 mobile generator mounts inside a 
vehicle's engine compartment and acts as a secondary crank 


The AuraGen (left) fits in the en- 
gine compartment of trucks and 
sport-utility vehicles (above), 
drawing power from the engine 
and delivering it to the home. 
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pulley, drawing energy from the idling engine. Power is de- 
livered to the home through a heavy-duty extension cord 
plugged into a transfer switch connected to the home's fuse 
box. The system delivers 5,000 watts, enough to power lights, 
a refrigerator, microwave, television, computer, and coffee 
pot at the same time. A 30-gallon tank of gas can provide 
up to two days of power. The system does not affect the 
vehicle's power or gas mileage, or the manufacturer's warranty. 

The system, expected to cost around $2,500, will be 
available this month for trucks and sport-utility vehicles. A 
version for passenger cars will hit the market by mid-1999. 
The 70-pound system includes the generator, mounting 
brackets, a belt-pulley set, the transfer switch, and two 
outdoor power outlets that can be mounted onto a vehicle, 
allowing devices to be plugged in directly—a nice feature 
for campers. 

According to Arthur Schwartz, executive vice president 
of the El Segundo, California-based company, there are 
other automobile-based portable generators on the market 
—notably from Road Power of Fort Worth, Texas—but none 
are as powerful or designed specifically for use during a 
power outage.—Joseph Baneth Allen 
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HEAR WHY THE 
BosE' WAVE’ RADIO 
WAS NAMED A 
"BEST NEW 
PRODUCT or 1994” 
BY BUSINESS WEEK. 
Tabletop radios are popular for their 
convenience and small size. But 
their sound quality leaves much to be 
desired. No one really expects high- 
fidelity sound from a radio. Until now. 
Bose presents the Wave radio. 
It’s the one radio acclaimed by leading 
audio critics. Because it’s the one radio 


breath of air to fill an 
entire concert hall, the 
waveguide produces room- 
filling sound from a small enclosure. 
This technology and performance is 
available in no other radio. 

You'll touch a button and hear 
your favorite music come alive in 
rich stereo sound. You’ll hear every 
note the way it’s meant to be heard. 
The Wave radio measures just 
44"H x 14" Wx 84"D and fits almost 
anywhere. So you can listen in your 
bedroom, living room, kitchen, or 


CALL NOW AND 
MAKE SIX INTEREST- 
FREE PAYMENTS. 
The Wave radio is available for $349 
directly from Bose, the most 
respected name in sound, So 
call 1-800-845-BOSE, ext. 
R7354, to learn more about 


our in-home trial and satisfac- Я 

tion guarantee. When you 

call, ask about our six-month | 

installment payment plan. 

Or, if you prefer, return the 

coupon below. Geese 
Toys Wo VCR. 


HEAR THE RADIO THAT WOKE UP 
AN ENTIRE INDUSTRY. 


that delivers big, rich, lifelike 
stereo sound plus a small, 
convenient size. 


THE BEST- 
SOUNDING RADIO 
YOU CAN BUY. 
We think the Wave radio is the best- 
sounding radio you can buy. And 
audio critics agree. 


Radio World 
called the sound 
“simply amazing...a 
genuine breakthrough 
in improved sound 
quality.” Business Week 
named the Wave radio 
a “Best New Product 
of 1994” Popular 
Science called it 


(ny бе Wor odo wih 
(costi waveguide speokar 
technology produces highqualty 
sound wi ful, ch bos. 


“a sonic marvel” 
and gave ita 
prestigious “Best of What's 
New” award. The key 

is our patented acoustic 
waveguide speaker 
technology. Just as a 

flute strengthens a 


any room. And with your choice of 
imperial white or graphite gray, the 
Wave radio not only fits in any 
room, it fits any decor. 


REMOTE-CONTROLLED 

CONVENIENCE. 
Operate the radio from across the 
room with the credit card-sized 
remote control. Set six 
AM and six FM 
stations, and 
switch between 
them at the touch 
of a button. You 


can even bring great 

D Bose sound to recorded 
music, TV programs, 

or movies by connecting 

the Wave radio to your CD or 

cassette player, TV, or VCR. 
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Wired magazine 
said it has a “clean, 
sweet sound that will 
have your friends 

wondering where you’ve 
hidden your fancy speakers? 

But you have to hear the Wave radio 
for yourself to believe it. Call today. 


CALL 1-800-845-BOSE, 
EXT. R7354. 


When you call, ask about our six-month 
installment payment plan. (Available on 
telephone orders only.) Also ask about 
FedEx® delivery service. 
Please specify your color choice when 
ordering the Wave® radio: 
О Imperial White O Graphite Gray 


Mr/Mrs/Ms. 

Name (Please Print) 
Address 

Су State р 


П ) 
Daytime Telephone 
П ) 
Evening Telephone 


Mail to: Bose® Corporation, Dept. CDD-R7354, 
The Mountain, Framingham, MA 01701-9168, 


or fax to 1-800-862-BOSE (1-800-862-2673). 


HESSE ° 


Better sound through research . 


©1998 Bose Corporation. Covered by patent rights issued and/or pending. Installment payment plan not to be combined with any other offer and available on credit card orders only. Price does not include 
$15 shipping and handling and applicable sales tax. Price and/or payment plan subject to change without notice. FedEx service marks used by permission. Frank Beacham, Radio World, 12/93, Wired, 6/94. 


Kobe Akashi | 


К. Kaikyo 
Bridge 


Kobe- 
Naruto 
route 


DRIVE ACROSS THE world’s longest suspension bridge 
and you'll be tempted to check the gas gauge to be sure 


you have enough fuel to get from one side to the other. 


You might also wonder about the wisdom of building Japan’s grandest 
bridge in the middle of an earthquake zone. That may seem like a bad 
idea, but the bridge’s construction has been a decades-old national 
dream—first proposed in the 1930s—that could only now be fulfilled 
thanks to today’s technological know-how. When it opens on April 5, 
the Akashi Kaikyo Bridge will be the final link in a chain of spans that 
connects Japan's four main islands. Travelers will be able to transverse 
the country via a bridge network that already includes three of the 
longest suspension bridges in the world. 
Everyone knew—or so they thought—that the nearest seismic fault was 
90 miles away from the bridge site. So engineers from the Honshu-Shikoku 
Bridge Authority, formed in 1970, took the necessary precautions, design- 
ing the bridge to withstand an earth- 


quake that would measure 8.5 on the 
а Richter scale. Work began т Мау 

1988 on the bridge, which ultimately 
would measure 12,528 feet, or 2.43 miles, in length. The center span alone 


is 6,529 feet, or 1.25 miles. The bridge links the main island of Honshu to 


the small island of Awaji, which, via another smaller bridge, is the gateway 
to Shikoku, home to 4 million people. 

By comparison, the longest suspension bridge in the United States 
(and number six in the world) is New York's 34-year-old Verrazano-Nar- 
rows Bridge at 4,260 feet. And the Akashi Kaikyo Bridge positively 


The Longest Bridge 


THE AKASHI KAIKYO BRIDGE in Japan is the 
world’s longest suspension bridge, fulfilling 


a century-old dream of linking the island of 
Honshu to the island of Shikoku, both major 
population centers. In addition to the 
earthquake zone surrounding the bridge, 


the high winds associated with the re- 
gion's typhoons were another obstacle to 
construction. Stresses on the bridge were 
simulated using a scale model built inside 
a wind tunnel. Building the bridge meant 
using new materials and techniques. 


The Akashi Kaikyo Bridge has a 
span of 12,828 feet, or 2.43 
miles. The center span alone is 
6,529 feet, or 1.25 miles long. 
By comparison, the world's first 
suspension bridge, the Brooklyn 
Bridge, whieh was built in 1883, 
is 1,595 feet long. 
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A floating crane raised 
the bridge's girders in 
sections. Even though 
the girders are consid- 
ered strong but light- 
weight, 90,000 tons of 
steel were used in their 
construction. Special ver- 
tical stabilizers under the 
median strip of the deck 


reduce wind vibration by 
balancing the pressures 
on the upper and lower 
surfaces of the bridge. 


Foundation 


Anchor girders 
Strands 


Cable 


The anchorage on the Kobe side of 
the bridge is the world’s largest. It 
is 279 feet in diameter and is 207 
feet deep. The basic supporting 
frame is surrounded by concrete, 
bringing the total weight to 

= 350,000 tons. Cable strands are 
Oncrete split to divide the weight equally. 


Two cables—one on each side—hold the bridge 
roadway but each cable is composed of 290 


strands. And each strand, in turn, contains 127 
wires made from a new, high-tensile galvanized 

№ ] steel. The total length of the wire is 186,000 
7 miles—enough to circle the globe seven times. 


1 strand equals 127 wires ү 
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The bridge towers were 
built using а boot-strap- 
ping crane that con- 
structed the tower one 

tier at a time. The towers 
are 30 tiers high, with each 
towed to the tier divided into three sec- 
bridge site to serve as tions so as to remain within 
the foundation for the the lifting capacity of the crane. 
bridge towers. Once Mass dampers, weighing 10 tons 
in place, the cais- each, inside the tower work like 
Be] sons were filled with a pendulum for stability. At 928 
concrete and sunk feet, each tower is about as tall 
J into the seabed. They as France's Eiffel Tower. 

support the 100,000- 
ton bridge. 


Standard 


concrete 


d Pendulum 
Damper 
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dwarfs the 1,595-foot-long Brooklyn 
Bridge, which opened in 1883 as the 
largest suspension bridge of its time. 

Despite periodic efforts by New 
York City dwellers to sell the Brook- 
lyn Bridge to gullible visitors, it is still 
open to traffic 115 years later. The 
odds are good that the $3.3 billion 
Akashi Kaikyo Bridge will last at least 
as long, because it has already weath- 
ered a crisis that would make any 
Brooklynite shudder. 

On January 17, 1995, just after the 
cables had been set in place, nature 
delivered a big surprise: an earthquake 
measuring 7.2 in magnitude. The real 
shock was that the epicenter was only 
about 2.5 miles away, along a previ- 
ously unknown fault line that actually 
extended under the center span. The 
earthquake smashed the nearby city 
of Kobe [“A Wake-up Call from Kobe,” 


Smart Bridges 


WITH AN estimated 230,000 U.S. 
bridges in need of serious repair, a 
new emphasis on building bridges 
that will last a long time with a min- 
imum of maintenance is emerging. 

Perhaps the smartest bridge in 
the United States is the Winooski 
River Bridge in Waterbury, Vermont. 
Engineers from the nearby University 
of Vermont are embedding fiber-optic 
sensors into the steel truss bridge to 
check its health. The sensors are 
linked to a computer that monitors 
the bridge for cracks, strain, and 
road-salt corrosion. 

On the flip side of the coin is an 
effort to build bridges using compos- 
ite materials that require virtually no 


Fiber-optic sensors in the Winooski River Bridge 
in Vermont detect cracks, strain, and corrosion. 
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Feb. '96], claiming 5,000 lives and de- 
stroying 100,000 buildings. 
Remarkably, the bridge did little 
more than stretch a little—it was as 
if the earthquake drew nothing more 
than a yawn from the span. The 
southern pier and anchorage shifted 
slightly, adding 2.6 feet to the bridge’s 
length. This meant the approaches to 
the bridge needed to be a little more 
than 4 feet higher to compensate for 


the added length. Fortunately, the an- 


chorages are the largest in the world, 
weighing 350,000 tons and extending 
to a depth of about 208 feet, so they 
are hard to shake loose. The towers 
and cable suffered no damage, and 
within a month, the redesigned gird- 
ers accommodated the longer length 
of the bridge. 

In a way, the earthquake was a fit- 
ting test for a bridge built under tight 


That Last Longer 


maintenance—just build ‘em and 
forget ‘em. A new 36-ton bridge in 
Butler County, Ohio, is one of the 
earliest successes. The Tech 21 bridge 
is made of lightweight, corrosion- 
resistant polymers. State officials 
expect the bridge to last about 150 
years, about three times longer than 
conventional bridges. The new bridge 
cost about $100,000 to build— 
roughly twice the norm. The generally 
higher cost of composite bridges has 
hindered their widespread adoption. 

Low maintenance is also the prime 
benefit of a new denser and stronger 
concrete developed by the University 
of Cincinnati. This high-performance 
concrete (HPC) allows longer beams 
to be used, eliminating the 
need for connecting piers, 
which collect debris. The 
denser concrete is more 
resistant to salt erosion, 
which corrodes the reinforc- 
ing steel bars inside the con- 
crete beam. Ohio plans to 
build a bridge using HPC 
near the city of Cambridge 
this spring.—F.V. 


restrictions and an eye cast toward 
impending disaster. In addition to 
earthquakes, engineers also had to 
safeguard against the buffeting caused 
by the 180-mph winds often experi- 
enced during typhoon season. The 
bridge towers alone—each about the 
size of the Eiffel Tower—are the tall- 
est ever built. A 1-to-100 scale model 
constructed and tested in a new wind 
tunnel—the world's largest —helped 
engineers accurately determine the 
proper size and shape of the vertical 
fins called stabilizers that are designed 
to minimize vibration of the bridge 
deck. From these tests and studies of 
seismic activities, engineers devised a 
number of new approaches to bridge 
construction. 

While engineers designed nearly 
every aspect of the bridge—right 
down to the wind-resistant girders— 
to minimize the effects of any natural 
disaster, one key element, the mass 
dampers built into the tower, is unique. 
Inside the damper is a 10-ton pendu- 
lum that swings in the direction op- 
posite to the tower's movement. This 
effectively dampens the movement 
of the tower, keeping it stable. AII 
told, 20 mass dampers are in place 
across the span. 

Constructing the six-lane 116-foot- 
wide Akashi Strait ("kaikyo" means 
strait) presented a challenge, because 
shipping still needed to pass through 
the strait connecting Osaka Bay and 
Japan's Inland Sea. This is why the 
center span is so long—the towers 
had to be built on both sides of the 
strait's navigable channel. The first 
step was to prepare the seabed for the 
massive anchorages and for the piers 
under the bridge's two towers. Large 
grab-buckets mounted on floating 
barges removed 720,000 cubic yards 
of silt and muck so these concrete 
foundations could sit on rock. Mean- 
while, nearby shipyards were fabricat- 
ing giant, hollow steel shells, called 
caissons, that would serve as forms 
for the concrete piers. The caissons 
were some 262 feet in diameter and 
230 feet high—as tall as a 25-story 
building. The caissons were floated 
out of dry dock, towed through the 
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EVER SINCE the 1989 Loma Prieta 
earthquake in which a 50-foot section 
of the Bay Bridge between Oakland 
and San Francisco collapsed, Califor- 
nia has been studying ways to make 
the state’s bridges quake-proof. While 
it now seems likely that the Bay 
Bridge, which opened in 1936, will be 
replaced in a project scheduled to 
begin in 2000, the state is actually 
retrofitting most of its bridges in a 
$2.6 billion project. 
Among the big- 
ger undertakings 
is the retrofitting 


Inland Sea by tugs, and lowered into 
place by pumping them full of water. 
Then, marine concrete, which does 
not separate into gravel and cement 
when dumped underwater, was 
pumped into the shells during a con- 
tinuous three-day operation. The piers 
were completed in early 1992. 

To erect the 928-foot towers, con- 
tractors welded the steel plates of the 
tower legs to form hollow box-like sec- 
tions called cells, barged them to the 
site, then stacked and welded them 
like building blocks. Cell size was lim- 
ited by the 160-ton capacity of the 
climbing crane, so each tower was split 
into 30 tiers roughly 31 feet high. Each 
tier was made up of three cells, for a 
total of 180 cells in each tower. The 
cell sections were constructed in 
on-shore factories, reducing danger- 
ous on-site work, improving efficiency, 
and resulting in greater accuracy 
when the time came to fit the pieces 
of the bridge together. 

The towers were ready for cable to 
be strung between them in November 
1993. The pilot ropes—the first, tem- 
porary cables strung from one anchor- 
age over the towers to the other 
anchorage—are typically pulled across 
by barge. But since the bridge crosses 
a shipping lane used by as many as 
1,400 vessels each day, a helicopter re- 
placed the barge. After flying the pilot 
ropes across the straits, workers used 
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Shock Absorbers for California Bridges 


of the 29-year-old San Diego-Coron- 
ado Bridge. Strengthening 11 girder 
hinge sections will limit the bridge’s 
movement during an earthquake. 
Adding metal stiffeners will also 
restrict movement. The last major 
tremor in the area of the bridge was 
the 1971 San Fernando earthquake. 
California is also testing a new 


the ropes to 
string a catwalk that 
became the platform for 
placing the cables. 

To further minimize work on- 
site, 127 quarter-inch wires were 
bundled into strands in the factory. 
These wires were made of a new 
high-strength steel that is 12.5 per- 
cent stronger than in previous 
bridges. This allowed engineers to 
use two main cables instead of the 
four envisioned in preliminary de- 
signs, reducing the weight of the 


bridge and speeding up construction. 


The strands were wound on spools, 
hauled to the site, and then pulled 
from anchorage to anchorage. Each 
3.7-foot-diameter cable is made up 
of 290 strands. 


Contractors began erecting the re- 


designed truss in June 1995, using a 
4,000-ton-capacity floating crane to 
lift into position preassembled sec- 
tions that were the full width of the 
bridge, 46 feet deep, and the length 
of a football field. The contractors 
would have liked to use this method 
for the entire truss, but floating 
cranes would have interfered with 
navigation. Instead, only the sections 
adjacent to the towers and anchor- 
ages were set this way. For the rest, 
assembled truss panels averaging 46 
feet square were barged to the base 
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technology at the University of Cali- 
fornia, San Diego. Longer span 
bridges like the San Diego-Coronado 
Bridge would be fitted with huge flex- 
ible isolation bearings and dampers 
that crews would place between the 
superstructure and the supporting 
columns. These devices would essen- 
tially act like shock absorbers to miti- 
gate the effects of a quake.—F. V. 


Researchers at UC San Diego 
are testing giant shock ab- 
sorbers that would protect 
bridges during earthquakes. 


of the towers, 
lifted to the deck by cranes, and then 
rolled on carts to the working face, 
where traveling cranes slung them 
into position. 

That sounds easier than it was. 
Prior to their completion, the trusses 
were very susceptible to buffeting 
winds. Work was halted when the 
gusts topped 36 mph, so construction 
moved at about 60 percent of normal 
pace. Despite the winds and the 
earthquake, work proceeded rather 
smoothly and the final truss bolt was 
tightened on schedule in September 
1996. Painting, paving, and other mis- 
cellaneous work has also proceeded as 
planned. And all signals are go for the 
April 5 grand opening. 

Longer suspension bridges are be- 
ing proposed to connect Sicily and 
Italy, and to cross the Straits of 
Gibraltar. But neither these nor other 
proposed long-suspension spans seem 
likely to be constructed in the near 
future. This will likely leave the Akashi 
Kaikyo Bridge holding the crown as 
the world's longest suspension bridge 
for years to come. Ф 
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TODAY’S MODERN CARS have become a complex sys- 
tem of rolling electronics, mirroring the computer age we 
live in. But aside from your cellular phone, your car rarely 
communicates with the outside world—or with you. The 
era of automotive solitude is coming to a close, however. 

Delco Electronics (a unit of GM), IBM, Netscape, and 
Sun have teamed up to create the world’s best-connected 
car, dubbed the Network Vehicle. This demonstration car 
meshes the usual auto electronics with a host of audio, 
video, computer, phone, satellite, and GPS devices, all 
linked by a looping network within the car. You can’t buy 
a Network Vehicle yet, but Delco and IBM predict you'll 
be able to purchase a car like it in three to seven years. 

In the meantime, the Network Vehicle provides plenty 
of technological teasers. Once inside, a voice-recognition 
system lets you talk to your car, and allows your car to talk 
back to you. A satellite dish embedded in the car’s roof 
and LCD screens built into the car seats provide both TV 
programs and Internet access. A cellular phone and a 
head-up display system let you communicate while driving. 
Your vehicle’s own Web site and GPS system give you new 
control, navigational, and emergency options. And most 
components can work together with interesting results. 

When something goes wrong in your Network Vehicle, 
for instance, it warns you with an audible message. You 
can then call a service center for help; the center can do 
a diagnostic check remotely and access your car's mainte- 
nance log. And if you get stuck or lost, they can dispatch 
help to your exact location by reading your GPS signals, 
or provide directions to the nearest gas station or hotel. 
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A new "network vehicle" 
lets you check e-mail  . 
while driving, as 
your passengers 
browse the Web 

and watch TV. 


By Suzanne Kant 


The Network Vehicle also lets you keep in touch while 
you drive. The head-up display alerts you to incoming calls 
or e-mail messages by projecting icons that appear to be 


visible beyond the car's hood—where your eyes would be 
anyway. You can vocalize your wish to answer the call or 
have the e-mail read to you aloud. The navigation system j 
is also linked into the head-up display, projecting turn-by~ 
turn instructions. And the voice recognition system let&/ | 
you dial the phone, select a radio station, or retrieve traP 
fic updates, stock quotes, and news via the Internet 
You can customize your drive time, too. A dockihg sta- Ergin 
tion for IBM's WorkPad handheld computer (similarrte. Ф. 
3Com's Pilot) enables you to download your schedulé into 
the car for better route planning. And the navigation system 
can keep a mileage log for easier expense reporting. Pas- ' 
sengers won't get bored, either. They can watch pay-pér 
view movies and standard TV fare via the DirecTV satellite 
service, or use the touch-screen color LCDs to surf the Web 
using its companion high-speed Internet service, DirecPC. 
Some of the Network Vehicle's most tantalizing aspects 
stem from the fact that it's essentially a mobile Internet 
server with its own Web address. Amenities such as radio 
presets, seat position, and cellular phone numbers can А 
be programmed while sitting at a computer. More impor- 
tantly, perhaps, you can use the Internet connection to 
remotely lock your car, turn off the lights, or even shut 
off the engine if the vehicle’s been stolen 
The Network Vehicle won’t be alone on the high-tech 
highways. Clarion and Intel have less elaborate computer 
car systems that should be available later this year. > 


This touchscreen LCD lets you control nearly all vehicle systems 
and services from five categories: entertai 


Web site, and information. De 


office 


nt, navigati 


ending on the mode, the console 


Protruding a scant 2 to 3 inches from the 
roof of the vehicle, the flat onboard satel- 
lite dish can pick up а signal from any an- 
gle. You can connect to the Internet at 
high speeds via the DirecPC satellite 
data service, with the uplink provided by 
a radiofrequency modem. Movies and 
other audio and video programming are 
beamed in from DirecTV satellites. 


Touchscreens to the side of the 
passenger displays enable you to 
quickly navigate through services. 
You can type on a wireless keyboard. 


From any passenger display, you 
can access a host of entertainment 
and information services, including 
DVD movies, audio-on-demand 
from DirecTV, and Web sites. 
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Barely halfway 
through its 
mission, the 
once-derided 
space telescope 
is yielding 
remarkable finds. 


Now what? 


|^ DURING.A FEBRUARY 1 7 
vicing mission, the bus- 
Hubble Space Telestopd 

berthedaboard ie spacéshut- 
tle so spacewalking astronaüts, 


could install nb insttaments, | Y 


giving thi telescope new 


оршаг 
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By Mariette DiChristina 


WHIZZING THROUGH its orbit at 17,500 mph 
amidst the silence of space, perhaps only the 
Hubble Space Telescope has been unaware of its 
stunning transformation from astronomy boon- 
doggle to boon during its eight-year life. 


Once ridiculed as a nearsighted “techno-turkey,” the $3 billion 
telescope is today a sought-after tool for astronomers that is pro- 
ducing one important find after another. Named after Edwin 
Hubble, who in 1929 discovered the expansion of the universe, 
the telescope is making remarkable progress toward its goals: to 
peer to the edges of the cosmos and help answer some of human- 
ity’s loftiest questions. Among them: How old is the universe? 
How big? How has it evolved? 

“We're damn lucky—we're blessed—to have that sucker up 
exults Robert Williams, the director of the Space Telescope 
Science Institute in Baltimore. In a vote of confidence, the tele- 
scope’s planned 15-year mission was recently extended at least five 
years more, to 2010. As the Hubble continues to peek at the edges 
of the visible universe, it’s time to take a look at where the tele- 
scope has been, what it has accomplished, and what lies ahead. 

The telescope's story begins in 1946, when Princeton as- 
tronomer Lyman Spitzer proposed an American space telescope. 
After Congress authorized the program in 1977, however, it was 
beset by delays, snafus, and cost overruns. When the 94.5-inch 
(2.4-meter) primary mirror was completed in 1981—after five years 
of grinding and polishing—it cost $3 million more to make than 
was budgeted. And various glitches and the three-year shuttle- 
flight hiatus after the tragic loss of the Challenger in 1986 delayed 
the launch until April 24, 1990. 

Exuberance over the telescope’s successful “first light"—the first 
time it imaged a heavenly body—soon turned to anguish when the 
telescope was discovered to be nearsighted. The primary mirror had 
been ground ten-thousandths of an inch too flat at the edges. Mak- 
ing matters worse, the solar panels flexed every 90 minutes—each 
time the telescope crossed the line that separates night and day— 
causing view-blurring jitter. “To Hubble something” entered the ver- 
nacular as a way to describe a colossal foul-up, and critics even 
began to question the continued existence of NASA. 


there, 
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Three years later, a dramatic $250 
million, 11-day repair tuned up the 
ailing telescope. Astronauts installed 
corrective optics (“eyeglasses”); less 
flexible solar arrays to stop the jitter; 
an upgraded camera for better images 
of star fields and planets; and more. 

NASA followed up with a second, 
$350 million servicing mission in Feb- 
tuary 1997. Astronauts also installed 
two instruments new to the Hubble 
that increased the telescope’s data- 
gathering power by a factor of ten. 
One is the Near-Infrared Camera and 
Multi-Object Spectrometer, which 
extended the telescope’s capability 
into the infrared light wavelengths, 
longer than the red light humans can 
see in the electromagnetic spectrum. 
The second, the Space Telescope 
Imaging Spectrograph, has been 
called Hubble’s “color vision”; unlike 
the telescope’s previous 
spectrographs, it 


Scientific 
instruments (4) 


can look at many—up to 512—differ- 
ent areas or objects in space at once, 
to learn clues about their composi- 
tion, speed, and temperature. 

To upgrade the storage capacity to 
handle this new data, astronauts re- 
placed a tape data recorder with a 
solid-state version. And in contrast to 
earlier technologies, the new instru- 
ments have built-in intelligence so 
they can work together, and work 
with another camera already aboard 
the telescope. Imaging simultane- 
ously in different wavelengths gives 
astronomers a better understanding 
of an object. 

With the Hubble’s new instru- 
ments, “It’ll look in the infrared and 
see a different universe. To look 10 
billion years ago, you have to look at 


Aperture’ 
door 


Radio antenna 


the infrared,” says Williams. And in 
the infrared is where the Next Gener- 
ation Space Telescope, the successor 
to the Hubble, will specialize. (See 
“The Space Telescope of the New 
Millennium,” page 60.) “Looking at 
the stuff from billions of years ago— 
that's the stuff out of which we were 
formed,” he says. “Astronomy seeks 
answers to life’s most profound ques- 
tions, such as: Where did we come 
from? Where are we headed?” 

The Hubble is poised to help an- 
swer such questions from its vantage 
point in orbit above Earth. Peering 
through the haze of our planet’s at- 
mosphere, ground-based telescopes 
can resolve an image to about one 
arc-second (equal to 1/5 вор of one 
degree in the 360-degree “pie” that 
makes up the sky). The Hubble 
achieves one-tenth of an arc-second. 

How sharp is that? It’s the equiv- 
alent of picking out the 
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A Look Inside Hubble 


TO FIT A LONG (57.6-meter) focal 
length into the compact 6.4-meter- 
long Hubble Space Telescope optical 
assembly, light 
primary t econdary mirror before 
entering the science instruments. 


ounces from the 


MARCH 1998 ТЕ 


individual lights of two fireflies sitting 
atop the palms of a person with out- 
stretched arms in Tokyo, from a van- 
tage point in New York. 

“Т believe the great legacy of the 
Hubble will be the clear view it gives 
us of the distant universe," says 
Williams. “A century or two from now, 
that will be the essential thing we got 
from the Hubble.” 

Looking deep into space, the Hub- 
ble is helping astronomers learn 
about the universe’s expansion rate, 
and what may be its eventual fate. 
Researchers are zeroing in on the 
Hubble constant, a critical mathe- 
matical figure devised by Edwin Hub- 
ble in 1929 that will reveal how fast 
the universe is expanding, by using 
the telescope to locate special stars 
called Cepheid variables, as well as 
distant supernovae. These bodies can 
be used as yardsticks to measure the 
vastness of space. If there is enough 
mass, the so-called critical mass, and 
expansion slows over time, a theory 
goes, eventually the universe could 
recollapse for another Big Bang. The 
universe would then begin again. 

According to Williams, however, 
telescope data indicates that the сх 
pansion is not really slowing down. 
“The universe may coast to infinity,” 
he says. As it continues to expand, 
stars would burn out over the eons, 
and the universe would come to a 
brutally cold, black end. That finding 
is surprising to many astronomers, 
who favor the idea that the universe 
would continue in some fashion. 

In other Hubble achievements, the 
telescope has been able to detect the 
chemical composition and nature of 
stellar objects in nearby galaxies. The 
telescope also has a unique ability to 
view the universe in ultraviolet, which 
is not possible with ground-based tele- 
scopes because such light is largely 
blocked by Earth’s atmosphere. Some 
hot, young stars are more visible in 
ultraviolet, for example. 

Closer to home, the telescope 
probes our planetary neighborhood. 
Unlike single missions such as the fa- 
mously successful Galileo probe of 
the planet Jupiter, the Hubble can 
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The, new near-in- 
frared instrument 
peered through in- 
terstellar-dust to) 
find the Pistol St; 
., perhaps the most, 
“massive star ever. 


study objects night after night. 
For example, it watched while 
the fragments of Comet Shoe- 
maker-Levy 9 blasted the big 
planet, and imaged volcanoes 
on the Jovian moon Io. 

With these enhanced capa- 
bilities, is there anything the 


Hubble can't detect? *Extrater- 
restrial intelligence," snorts 
Williams. “That’s one thing the 
Hubble will never find.” 

Kidding aside, Williams 
hopes that the Hubble’s mis- 
sion will be expanded to in 
clude a new kind of investigation. 
А few years back, the Hubble took 
a view, or survey, deep into 
space. Known as the Hub- 
ble Deep Field, this strik 
ing survey turned up more 
than 3,000 distant galaxies 
and helped determine how 
star formation in the uni 


Hubble Science 


IN THE past year, the 
Hubble has churned 
out a gallery of finds, 
many with the help of 
two new instruments 
installed during the 
1997 servicing mission. 


verse has evolved over 
time. The equivalent of 
fishing expeditions, sur 
veys could find as-yet-un- 
suspected phenomena 
I believe that is the most The Wide-Field and Planetary 
Camera captured the roiling fet- 
like exhausts from a dying star. 


likely area in which the 
Hubble could revolutionize 
our view of the distant uni- 
verse,” says Williams. 
One instrument 
ideally suited for 
what Williams en- 
visions is the Ad. 
vanced Camera 
The 
camera is slated 
to fly to the 
Hubble on its 


for Surveys. 


The first optical counter- 
part of a gamma-ray burst 
and its potential host 
galaxy suggests a cosmic 
origin for these puzzling 
energy releases. 


next servicing 

mission, sched- 
uled to launch in 

December 1999. 

The camera, 

The new spectrograph 
reveals chemical 
components around 
supernova 1987A, 
including oxygen 
(single green ring) 
and nitrogen and 
hydrogen (triple or- 
ange rings). 


which will replace 
the 1970s-era Faint 
Object Camera, will 
have larger detectors, for 
a larger view of the sky. It 
also will offer twice the de- 
tail that is now possible with 
current instruments. The 99 
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The Space Telescope of the New Millennium 


THE HUBBLE SPACE TELESCOPE will orbit Earth for at least 
another dozen years, but plans are already on the drawing 
board for its successor, which will be called the Next Gen- 
eration Space Telescope. 

The NGST, as it is known, will pick up where the Hubble 
leaves off in the search for knowledge about the early evo- 
lution of the universe, when it was between 100 million 
and 1 billion years old. “The NGST has as a primary science 
goal the study of the very early universe," says Harlan 
Thronson, deputy program scientist for the Hubble at NASA 
headquarters in Washington, D.C. "The Hubble cán look to 
objects back to 10 to 20 percent of the current age of the 
universe," says Thronson. "The NGST will.look back to a 
fraction of a percent. It should see galaxies as they-form." 

While the Hubble specializes in examining the cosmos 
in the shorter wavelengths of ultraviolet and visible light, 
the NGST will delve into the universe at the longer infrared 
area of the electromagnetic spectrum. Because galaxies 
are moving away from ours as the universe expands, their 
light is shifted to the longer red wavelengths—it reaches 
Earth at infrared wavelengths. 

To do this, the NGST will be larger than the Hubble, 
which has a 2.4-meter primary mirror. The new telescope 
will have a 6- or 8-meter mirror. It will have a larger aper- 
ture—two to four times that of the Hubble, for four to 16 
times greater collecting area. "Because the NGST is work- 
ing at longer wavelengths, it will have an approximately 
similar clarity of view as the Hubble," adds Thronson. 

There will be other differences as well. The NGST will 
not circle Earth, but occupy a stable orbit between our 
planet and the sun about 1.5 million kilometers distant, 
past the moon. And while the $3 billion Hubble embodies 
the old "big science" thinking, the NGST has been con- 
ceived under NASA's current goal of "faster, better, cheaper" 
missions. The entire development of the telescope is tar- 
geted for $500 million, with $400 million more expected 
over its planned 10-year lifetime. 

“It's expensive to maintain the Hubble, and to make 
systems [for the telescope] that can be pulled out. It's 
expensive to train astronauts for servicing missions," 
says Thronson. "The downside [for the NGST], of course, 
is that if a catastrophic problem occurs, you would not 
be able to service it as with the Hubble." 

Not orbiting Earth has advantages for science as well. 
"The NGST has to be very cold to work in those infrared 
wavelengths," says Thronson. Too much heat degrades 
the performance of the sensitive detectorsgiWhiehowilL 
be cryogenically cooled. The NGST is_expected to be 1,000 
times more sensitive than any existing/Omplannedground 
or space telescope. "We don't want energy frem the 
instruments [or Earth sources] to overwhelm the faint 
objects," adds Thronson. 


There are four competing NGST designs, from Ball Aero- 
space & Technologies Corp. of Boulder, Colorado; Lockheed 
Martin Corp. of Bethesda, Maryland; TRW Space and Elec- 
tronics Group of Redondo Beach, California; and Goddard 
Space Flight Center of Beltsville, Maryland. Three of the 
designs feature foldable parts, so the telescope could fit 
aboard an Atlas-class or other expendable launch rocket. 

The decision about which design to pursue would likely 
be made around 2002, so construction could begin the 
following year, says Thronson. The NGST weight goal is 
3,000 kilograms (compared with 11,000 for the Hubble), 
50 creating its large, lightweight mirrors will require break- 
through materials advances. Some of the designs also bor- 
row inspiration from military satellites, says Thronson. 

Like the Hubble, the NGST may have international part- 
ners. In preliminary funding discussions, the European 
Space Agency, a 15 percent partner in the successful 
Hubble, has expressed interest in contributing to the 
NGST around that percentage. Canada is also considering 
joining the project, perhaps at the 5 percent level. 

If all goes as planned, the NGST will launch in 2007. 
With the Hubble mission recently extended to 2010, two 
space telescopes could be plying the skies together for 
three years. "The 
two in tandem 
will be a real 
one-two punch," 
says Dave Leck 
rone of the God- 
dard Space Flight 
Center.—M.D. 


One of four competing de 
signs for the Next Genera- \ 
tion Space Telescope, this | 
concept by Ball Aerospace 
would use 32 segments to 
make up an 8-meter mirror. 
The sunshades and secondary 
mirror would fold to fit aboard 
a launch rocket. 
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mission, and another in August 2002, 
will again upgrade the telescope’s capa- 
bilities and shore it up against deterio- 
ration as it is pelted by micrometorites 

я and exposed to the extreme condi- 
tions of space. 

The '99 mission will be a major 
overhaul. “It’s like the 60,000-mile 
tune-up," says Chris Blades of the 
Space Telescope Science Institute. 
But NASA isn't taking any chances 
that instruments for the overhaul 
mission will fail. During a 10-day 
shuttle flight scheduled to launch in 
early October, astronauts will test 
some components for the '99 mis- 
sion. One will be a mechanical cryo- 
cooler. "We'll put it through its paces 
to see if it's going to do what we 
think it's going to do," says Frank 
Cepollina, project manager of the 
telescope servicing project at God- 
dard Space Flight Center in Green- 
belt, Maryland. The device is intended 

1 to cool the near-infrared camera in- 
stalled last February; a failure in the 

protective, thermos-like dewar has 

halved the intended four-year life 

\ of the instrument. 

In addition to the cryocooler, as- 
tronauts in '99 will install a system to 
cool the telescope’s aft shroud. Heat 
is slowly becoming a problem, as us- 
ing cameras simultaneously—a scien- 
tific advantage—is warming the 
Hubble; that degrades the perfor- 
mance of its sensitive detectors. 

Also on the checklist are a second 
solid-state data recorder, 
improved insulation 

to replace the de- 

grading material 
now protecting 
the telescope, a 
new central com- 
puter, new solar panels, 
and finally, a reboost of 
the telescope itself, which has 
sagged in orbit 20 miles since a re- 
boost performed in 1993. “The more 
I think about '99, the more I think 
that'll be a heck of a mission," says 
Blades. *I mean, you've tested it all like 
mad in the lab, but you don't know." 

That uncertainty doesn't keep sci- 
entists from planning for the future, 
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however. In 2002, the Hubble team 
plans to enhance the telescope's sci- 
ence capabilities again with the Cos- 
mic Origins Spectrograph, which 
likely will replace the Hubble's eye- 
glasses, since all new instruments in- 
clude their own corrective optics. It 
will complement the spectrograph in- 
stalled last year, and will be more sen- 
sitive to the very faintest objects in 
the sky. In fact, it will be 15 to 20 
times more sensitive than any other 
Hubble spectrograph. 

To make the most of the two final 
missions—and because funds will not 
likely be allocated for another—re- 
searchers are also getting creati 
says David Leckrone, senior scientist 
for the telescope at Goddard. *The 
chances of having another servicing 
mission are remote, though you never 
want to say never," says Leckrone. 

With careful planning, and per- 
haps using spare parts and the old 
Hubble instruments brought back to 
Earth on the shuttle, some new op- 
tions could be developed for the tele- 
scope. For example, researchers are 
planning a second detector channel 
for the Comic Origins Spectrograph, 
so it can also serve as a backup if an- 
other instrument fails. Also on the 
drawing board is the idea of refurbish- 
ing the first Wide-Field and Planetary 
Camera, which was removed in '93, 
with new detectors and flying it again 
in 2002. It could serve as a backup for 
the other cameras. "We're turning 
over everything in the Hubble budget 
to do these things," adds Leckrone. 

Indeed, in the current NASA 
world view of "faster, better, cheaper" 
missions, a costly and complex *big 
science" project like the Hubble is 
like a leopard trying—and in some 
ways succeeding—to change its spots. 

Some astronomers have accused 
the Hubble's costly operations of sap- 
ping funds that could be used for 
other projects. But it's cheaper, ar- 
gues Cepollina, to service the tele- 
scope than to design, build, and fly 
separate, entirely new missions. "The 
Hubble's most significant message is 
that it can allow for the economic 
progression of science results without 
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having to rebuild and start from scratch 
again and again," he says. 

The challenges wrought by the 
number and length of space walks for 
each Hubble servicing mission have 
also expanded NASA's knowledge 
about how humans can work in space, 
which will prove useful in the con- 
struction of the International Space 
Station. "Each [mission] has pushed 
the envelope a little bit more," adds 
Cepollina. 

In any case, space observatories 
like the Hubble will never replace 
Earth-bound telescopes, but instead 
are intended to complement them. 
"The Hubble is most powerful when 
its imaging is used in conjunction 
with ground-based telescopes," says 
Williams. One recent example was 
when the Hubble imaged the optical 
counterpart of a gamma-ray burst 
located by radio astronomy. Astro- 
nomers learned for the first time that 
these puzzling bursts of extraordinary 
energy are likely cosmic in origin, not 
from our galaxy. 

And while the space telescope 
found many faint galaxies in the 
Hubble Deep Field survey, determin- 
ing their age is a task better suited to 
the 10-meter Keck telescope in Hawaii. 
“When you really want to gather light 
for the faintest objects, a ‘light bucket’ 
like the Keck is better,” says Williams. 
That’s because, for all the crispness 
of its resolution, the Hubble's 2.4-me- 
ter primary mirror makes it a fairly 
small telescope. ` 

So what awaits the Hubble at the 
end of its planned life? “The long- 
range fate of the Hubble is under con- 
sideration,” says Harlan Thronson, 
the deputy program scientist for the 
Hubble at NASA headquarters in 
Washington, D.C. “Bringing it back 
to Earth [via the shuttle] or having a 
controlled reentry so it would land in 
the Pacific are both possibilities.” The 
decision about Hubble’s fate should 
be made sometime in the middle of 
the next decade. 

“The year 2010 is a placeholder, 
intended to mean the far future,” 
adds Thronson. “There are no plans 
to terminate the Hubble.” > 
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ILLUSTRATION BY ERIC YANG 


5 THEY ARE THE largely hidden engines 
ii of the information age, the driving forces 
behind today's computers and tomorrow's 
y digital televisions, stereos, appliances, and 
unimagined gadgets. Improvements in their 


«M 


technology occur with such breakneck 
regularity that a generation may last only 


a year or two. In the 1990s, they're speeding along even 
faster than the experts had expected. And they may be 
d headed straight for a wall. 
Microprocessors are getting more than their share of 
attention these days, and not just because Intel is spend- 
ing millions on advertising to make you appreciate its 


By Chris O’Malley 


chips. The future of microprocessor technology is being 

called into question by the combined forces of physics 

and economics. Can chip makers continue etching 

smaller, faster components onto silicon chips the size 

of postage stamps? If they сап, can they afford themas- 

> sive investments in new technology needed to do so? 
And can consumers afford the results? 

These are relevant questions for all types of semi- 
$ conductors, including memory chips and more special- 
ized integrated circuits. But the issues are most urgent 
for microprocessors, which are the brains of virtually 
all electronic devices. These modern marvels of minia- 
turization pack millions of tiny transistors—electrical 
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on/off switches that calculate the ones 
and zeros of computer instructions— 
into silicon wafers. They are the ulti- 
mate semiconductors, though there’s 
been nothing “semi” about their per- 
vasive impact on our lives. By one 
estimate, there are 200 quadrillion 
transistors in use each day, or about 
40 million for every man, woman, and 
child on the planet. By another reck- 
oning, every year chip makers are 
shipping nearly as many transistors as 
Earth has ants (10 to the 17th power). 

Since Intel brought the first micro- 
processor, the 4004, to market in 1971, 
chip makers have made dramatic ad- 
vances in computing and electronics 
by faithfully upholding what came to 
be known as Moore’s Law: that the 
number of transistors on a chip, and 
its resulting performance, doubles every 
18 to 24 months. Intel cofounder Gor- 
don Moore actually made that obser- 
vation in 1965 about the capacity of 
memory chips, but it’s held remarkably 
true for microprocessors. The number 
of transistors has mushroomed from 
2,300 on the 4004 chip to 7.5 million 
on the Pentium II chip, for example. 
And their performance has grown ex- 
ponentially, from executing 10,000 
instructions per second to more than 
25 million per second. 

But in designing chips with such 
microscopic ingenuity, chip makers 
may soon find themselves actually un- 
able to manufacture these wee won- 
ders, or at least to make them econo- 
mically. Moreover, transistors are be- 
coming so small, and the wires be- 
tween them so thin, chip designers 
head into the new millennium bump- 
ing up against the laws of physics. Wires 
already 400 times thinner than a hu- 
man hair can be made skinnier yet, 
but the task of continually doubling 
the speed of electrons passing wires 
of near-zero width will be tricky—and 
maybe impossible at some point. 

“Moore’s Law can be sustained 
certainly for five years, and probably 
for 10 years,” predicts Michael Slater, 
who is founder of the research firm 
MicroDesign Resources and editorial 
director of Microprocessor Report. “Af- 
ter that, things could slow down with- 


out new and different technologies.” 
Ironically, as microprocessors work 
their way into more aspects of our lives, 
there may be less demand (and pay- 
back) for cutting-edge chips, too. To 
make future digital TVs, 500-channel 
cable boxes, video phones, and other 
consumer appliances affordable, the 
processors will probably have to cost 
less than $100 apiece. New micro- 
processors tend to cost $500 to 


chip 
Cnallangas 


the server computers and routers that 
connect PCs via the Internet and 
company networks, the need may be 
far less clear for the already pumped- 
up PCs of the year 2001. “The bottle- 
neck is really in the network, not on 
the desktop,” explains Garth Nash, a 
vice president in Motorola’s network 
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$1,000 each, sometimes 
more, and then slowly 
slide down the price scale. 
Even in PCs, the emerging trend to- 
ward low-cost computers, including 
so-called network computers and In- 
ternet TV devices, could dampen en- 
thusiasm for expensive PCs with the 
latest chips. And while there is a clear 
and pressing need for more speed in 


Microchip lithography | 

uses light and a mask 

to etch patterns into 

a silicon base. Today, 

ultraviolet light is 

used, but future chips 

will require new light 

sources with shorter 

wavelengths for more 

precise etching. | 
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and computing sys- 
tems group. 

Still, microprocessors 
are hardly in danger of stalling over 
the next few years. Intel has new ver- 
sions of its Pentium П chip running 
at speeds up to 450MHz on tap for 
this year, and an even more powerful 
microprocessor code-named Merced 
slated for 1999, IBM and Motorola 
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may have a 500МН2 PowerPC chip 
ready later this year, and they’re work- 
ing on a 1.1-gigahertz (about 1,100MHz) 
version. Sun Microsystems, mean- 
while, says it is working on a chip for 
advanced workstation computers that 
will have an astonishing 30 to 40 mil- 
lion transistors, due by the year 2000. 

But to keep up this pace of pro- 
gress, or anything close to it, the super- 
chips powering post-millennium 
devices will have to overcome a host 
of technical challenges. Indeed, a 
just-published technology roadmap by 
the Semiconductor Industry Associa- 
tion (SIA) reports that chip makers 
will need new techniques and materi- 
als by 2003, a startlingly close date 
given the years it often takes to de- 
velop and refine new technologies. 

“There’s a wall out there some- 
where; it’s just a matter of where and 
when,” concedes Mark Bohr, director 
of process architecture and integra- 
tion at Intel, the world’s largest chip 
maker. “But we keep finding ways to 
go through walls.” 

Researchers are already hard at 
work attempting to do just that. Atop 
the to-do list of microprocessor break- 
throughs is a more exacting method 
of laying the circuitry onto the sili- 
con base of a chip that would permit 
smaller, more densely packed proces- 
sors. Contrary to the outward appear- 
ances of ever-smaller electronic 
devices, microprocessors are not re- 
ally getting smaller. They’ve actually 
grown larger, in up and down fashion, 
over the past 27 years. But they’re not 
much larger, and the number of tran- 
sistors they squeeze into a small silicon 
die has multiplied many times over. 
And the wires that connect them are 
on a crash diet; the wires in today's 
most advanced chips are a mere 0.25 
microns wide. Within the next two to 
three years, that will step downward 
to between 0.18 and 0.13 microns. 

"Today's optical lithography method, 
which etches transistors into the sili- 
con and prints a pattern of intercon- 
necting wires by shining ultraviolet 
light through a mask, is adequate for 
these two chip generations. But wires 
as thin as 0.10 microns or less will 
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Making the Quantum Leap 


THE LONG-TERM future of electron- 
ics may lie within the realm of me- 
chanics—quantum mechanics. 
So-called quantum computers lie 
somewhere between theory and re- 
ality. There are no such machines 
today, and most experts think it 
will be decades before one is prac- 
tical. But they are considered a 
mathematically prov- 
able possibility. 

What's a quan- 
tum computer? 
Rather than de- 
fine information 
as simple on/off 
bits processed 
through transis- 
tors, the way current 
binary computing does, 
quantum computers use an entirely 
different—and deeper—computing 
model based on quantum mechan- 
ics, or the behavior of individual 
atoms and electrons in the physi- 
cal world. The smallest unit of i 
formation in a quantum computer 
is a quantum bit, or qubit, which 
is not on or off but exists in multi- 
ple states at once, which better 
lends itself to the parallel process- 
ing of computer instructions. And 
in keeping with the "superposition 
of states" principle inherent in 
quantum mechanics, qubits exhibit 
wavelike tendencies, reinforcing or 
canceling one another. Programs 
known as quantum algorithms 


likely require different types of masks 
and light sources with shorter wave- 
lengths. Current lithography tech- 
niques are “running out of gas,” says 
Mike Polcari, director of silicon tech- 
nology for IBM Microelectronics. 
“With the right lithography,” he adds, 
“we think we can scale devices down 
to the deep 0.10 microns.” 

Chip makers are already in hot 
pursuit of such mind-boggling micro- 
scopic circuitry. Intel, Motorola, and 
Advanced Micro Devices recently 


could take advantage of these 
waves to reinforce desirable re- 
sults and cancel undesirable ef- 
fects, enabling them to more 
quickly sort through big or complex 
computations than binary algo- 
rithms. Researchers at Bell Labs 
have already devised one such 
quantum algorithm for search- 
ing through large data- 
bases. Computer 
scientists see 
other applica- 
tions in cryptol- 
ogy and 
mapping. 
Not all future 
quantum computers 
will harness qubit be- 
haviors in the same way. A 
team at Los Alamos National Labo- 
ratory is working on a prototype 
quantum computer using an “ion 
trap” device in which the electrons 
of suspended calcium ions are 
acted upon by lasers. Other ap- 
proaches include “quantum dot” 
and nuclear magnetic resonance. 
Whatever their final form and how- 
ever long it takes, some scientists 
believe that quantum computers 
are the inevitable successors to 
microprocessor-based machines, 
“Quantum computing is the only 
thing on the scene that could make 
a huge difference,” says Charles 
Bennett, a quantum theorist at 
IBM Research.—C.0. 


pledged $250 million to three Depart- 
ment of Energy labs working on “ex 
treme ultraviolet” lithography tech- 
niques that are far more precise than 
today’s UV method. IBM and others 
are investigating the use of X-rays. 
Researchers at Lucent’s Bell Labora- 
tories think they have an even better 
alternative. Their electronic beam 
lithography system, which projects 
high-energy electrons through a pho- 
tomask, has created circuitry under 
lab conditions that’s only 0.05 microns 
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Where the Chips Fall- THE VERY FIRST microprocessor had only-2,300 transistors. Times have changed. 


| DEC ALPHA 


| SPEED: 
150MHZ«, 

| TRANSISTORS; 

1.7 MILLION 


| SPEED 
25MHZ+ 
TRANSISTORS: 
1.2 MILLION 


wide—and they're working on 0.01 mi- 
crons, which may be as close to zero as 
we can practically go without shifting 
to single-electron quantum computers. 
But such accomplishments are not 
a done deal yet. All of these new lith- 
ography techniques are experimental, 
technically arduous, and, for the mo- 
ment at least, extremely costly. 
Lithography is not the only chal- 
lenge, either. Making tiny transistors 
even smaller is not as easy as refining 
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the etching tools. As transistors get 
smaller, so must the insulation layers 
that separate the gate—where signals 
come into a transistor—from the 
source and drain components, where 
they exit. With inadequate insulation, 
transistors won’t operate accurately, 
or at all. These insulating layers, known 
as gate oxides, are perhaps the critical 
stumbling block to shrinking transis- 
tor size and thereby boosting the per- 
formance of microprocessors while 


Supercomputers Unplugged 


WILL SUPERCOMPUTERS go the way of 
the dodo? They might, and ironically 
enough, it may be the coming super- 
chips of the microprocessor world that 
make them extinct. At least that’s the 
conclusion of John Hennessey, profes- 
sor of computer science and dean of 
Stanford's School of Engineering. “The 
last bastion of non-microprocessor 
computing, the vector-based super- 
computers, will vanish in the next five 
to ten years,” says Hennessey. 

For the past 40 years, supercom- 
puters were marked by highly special- 
ized hardware architectures and cus- 
tomized software to fit unique appli- 
cations. But recent technical and eco- 
nomic developments have made those 
machines increasingly less cost-effec- 
tive. Today's microprocessors are gain- 
ing fast on supercomputers' speed and 


power. Microchips have already made 
obsolete most minicomputers, once 
relied on for heavy-duty research, and 
mainframes, once the workhorses of 
the corporate world, according to Hen- 
nessey. And today, Hennessey says, 
users get more than twice the process- 
ing power per dollar from a desktop 
workstation as they do from a super- 
computer—and it won't be long before 
they get five times the bang for a buck. 
Naturally, as computers based on 
microprocessors become faster, they 
get used for more complex applications 
that formerly required specialized ma- 
chines. In addition, programmers are 
becoming increasingly expensive, which 
means supercomputers can no longer 
afford to run on totally customized 
software. "The days when supercompu- 
ter users all wrote their own programs 
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making them smaller, or at least with 
out making them any larger 
Bell Labs may have an answer for 


this, too. It recently announced what's 
billed as the world's smallest practical 
transistor. By creating an insulating 
layer that's five times thinner than 
today's gate oxides—a mere three 
atoms thick— Bell researchers have 
produced a transistor that's only 60 
nanometers, or 182 atoms, wide. That's 
four times smaller than the transis- 


are long gone," explains Hennessey. 
Microprocessor machines can also 
be strung together to duplicate or ex- 
ceed the computing power of super- 
computers. An experimental Stanford 
architecture called distributed shared 
memory allows an entire network of 
desktop computers to share the same 
memory resources and thus act like a 
single computer. At the same time, 
“massively parallel" machines are akin 
to networks of PCs nested in a single 
box, an approach called cluster archi- 
tecture. Hennessey believes that if su- 
percomputers survive, they will combine 
aspects of cluster architecture (now 
being pursued by IBM, UC Berkeley, and 
Sandia National Laboratory) and distri- 
buted shared memory (being developed 
by Stanford, MIT, Silicon Graphics, and 
Hewlett-Packard).—Arthur Fisher 


mancu 199s RITA 


- uz DESCHUTES 


=} SPEED: 
Lj 333MHZ« 


=| TRANSISTORS 
-| UNKNOWN 


IBM/MOTOROLA 
POWERPC 750 


SPEED: 


TRANSISTORS: 
6.3 MILLION 


IBM/MOTOROLA 
HNEW POWERPC 


| SPPEDS, 
\ 2,000MHZ+ 


TRANSISTORS: 


| INTEL КАТМА! 
225MHZ+ #5 WAT 
| SPEED: 


450MHZ+ 


TRANSISTORS: 
UNKNOWN 


tors in today’s chips. Yet, Bell Labs 
says its tests show that the nanotran- 
sistors are five times faster and barely 
sip electricity, using 60 to 160 times 
less power than current transistors. 
Even more remarkable, NEC and 
other companies are working on even 
smaller nanotransistors. 

Nanotransistors are still experimen- 
tal, and their use may be eight to 12 
years away. But coupled with new 
lithography techniques, they may pro- 
vide microprocessor makers with the 
sort of extended technology roadmap 
they need. “We are ushering in the 
age of nanoelectronics,” says Mark 
Pinto, chief technical officer of Lu- 
cent’s microelectronics group. 

There are more immediate im- 
provements to microprocessors com- 
ing this year and next. A wave of 
copper chips may be first. IBM re- 
cently announced it has invented a 
way to use copper instead of alumi- 
num for the circuitry that connects 
transistors. Copper is a superior elec- 
trical conductor, resulting in about 
20 percent better performance than 
a comparable aluminum design, but 
had been difficult to adapt to silicon 
chip manufacturing. More important 
than the short-term performance 
boost, IBM’s breakthrough may per- 
mit chips to get smaller even as they 
host more transistors—possibly as 
many as 150 to 200 million on a sin- 
gle chip, according to IBM. 

The first copper-based micropro- 
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cessors for PCs and workstations could 
come later this year or by early 1999, 
and probably earlier in specialized 
chips such as 3-D graphics controllers. 
“Eventually, everybody will be on cop- 
per,” says Jim Glaze, vice president of 
technology programs for the SIA. 

To go forward faster in the near 
term, chip makers may have to think 
parallel, too. Intel is doing just that 
with its Merced chip, a 64-bit micro- 
processor that the company is devel- 
oping with Hewlett-Packard. Merced, 
due next year, and its successors will 
use what the companies call “explic- 
itly parallel instruction computing.” 
It’s a relatively straightforward con- 
cept: Allow the software to tell the 
microprocessor which instructions 
can be performed at the same time, 
or in parallel. Groups of chips are of- 
ten used in parallel, especially in 
supercomputers. But individual chips 
usually execute instructions in sequen- 
tial order, like a cafeteria line. Merced 
effectively opens up several new 


counters (Intel won’t say how many 
yet) to serve more customers faster. 
The key to this new single-chip 
parallelism was recognizing that the 
compiler programs used to translate 
software instructions into the machine 
codes a microprocessor can under- 
stand were already smart enough to 
separate sequential and parallel tasks 
—the chips just weren’t taking advan- 
tage of it. “The best ideas always seem 
obvious once you're exposed to them,” 
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says John Crawford, director of mi- 
croprocessor architecture for Intel. 
Intel certainly has no corner on 
the market for good ideas, but it does 
have a bigger bank account than oth- 
ers. And money may wind up playing 
as big a role in sustaining—or step- 
ping back from—Moore’s Law as any 
technology discoveries. New chip fab- 
rication plants, or fabs, cost about $2 
billion today, and the price tag could 
reach $10 billion in a few years with 
all of the new equipment needed to 
make these superchips. Competition 
usually makes for better products, and 
microprocessors are no exception, but 
it’s not clear how many players will 
be able to afford to play the super- 
chip game. It’s also not certain that 
these new fabs can crank out chips 
that are cheaper as well as better. 

“The key question is not whether 
you can design and demonstrate new 
microprocessors, it’s whether you can 
manufacture them,” says the SIA’s 
Glaze. “At some point, you can no 
longer shrink these microprocessors 
economically.” 

Then again, when the chips are 
down, chip makers have been up to 
the task. “Every few years we find so- 
lutions to problems and move on,” 
says Amant Agrawal, vice president 
for performance microprocessors at 
Sun Microelectronics, with an opti- 
mism born of a quarter-century track 
record of amazing progress. “We can 
still do that.” > 


Urban 
Rainforest 


An African jungle comes to life on New York's west side. 


AS THE RISING SUN sets the morning sky aflame, the 
play of light across the thick vines and verdant trees is al- 
most hypnotic. Dozens of birds, representing a vast array 
of species, create an outdoor symphony. The forest is 
ripe with nuts, berries, and 
bunched fruit. Ahead, where 
the jungle breaks, elephants 
trudge toward a marshy, open clearing, or bai. 

An African rainforest? Well, sort of. This drama is un- 
folding on the west side of the island of Manhattan in New 
York City. Tree by tree, leaf by leaf, vine by vine, a 2,500- 
square-foot sector of the Central African Republic's Dzanga- 
Ndoki Rainforest has been transported to, or recreated 
at, the American Museum of Natural History's new hall 
of biodiversity. When the hall opens this May, visitors will 
trek through one of the world's biggest and most complex 
dioramas, a painstakingly accurate, lifesize reproduction 
of one of nature’s most threatened creations. 

To bring the rainforest to New York, a team of nearly 
two dozen ornithologists, mammalogists, exhibition 
preparators and designers, and audiovisual technicians— 
the largest collecting expedition the museum has ever 
mounted for an exhibit—spent five weeks in the African 
rainforest collecting soil, plants, and leaves; recording and 
documenting species; fashioning casts of trees; shooting 
videotape and still photos; and interviewing indigenous 
peoples. “This area has been explored very little,” says 
Joel Cracraft, curator of the museum’s department of or- 
nithology, who estimates that the museum will eventu- 
ally tally 150 to 180 species of mammals, more than 300 
species of birds, hundreds of butterflies, and hundreds 
of thousands, if not millions, of organisms. The exhibition 
may even have yielded a special prize—scientists suspect 
they have uncovered several new species. 

After the team returned to New York, the forest, nur- 


By Bob Sillery 


tured by a blend of acumen, craftsmanship, artistry, orga- 
nization, and technology, took root and blossomed. Com- 
puter-modeling programs plotted distances and spacial 
relationships. Blueprints began to proliferate across the for- 
mer hall of invertebrates. Artists studied photos and 
brought what they saw to life. Plaster trees sprouted, to be 
daubed with brown and green blotches. Taxidermied animals 
from the museum’s vast attic began to populate the jungle. 

The light in the forest—one of the exhibit’s cleverest 
re-creations—will seem uncannily real. Long tube lights 
will have the correct color temperature to produce a nat- 
ural effect. Optic fibers hidden in vegetation will dapple 
the lush jungle. A system of hidden monitors and mirrors 
will bring detail and background activity to the setting. 

To give the forest a sense of depth, projected and digi- 
tized images will fill up the canvas behind the diorama— 
the back wall of the exhibit is an enormous videoscreen. 
Sounds will emanate from hidden speakers, and tentative 
plans even call for jungle smells. Computer controls will 
vary the effects so that no two walkthroughs will ever be 
exactly the same. 

The diorama is the centerpiece of the 11,000-square- 
foot hall. “Habitats of the World,” a multiscreen video 
presentation, will complement the rainforest by examining 
nine ecosystems. Finally, the 100-foot-long “Spectrum of 
Life” will surround visitors with more than 700 mounted 
specimens and models, from microorganisms to giant mam- 
mals, encompassing 3.5 billion years of evolution but repre- 
senting a fraction of Earth’s life forms. Flying and swimming 
creatures will hang from the ceiling like a canopy. 

The plants and animals depicted throughout the hall 
exist naturally in a delicate balance—remove one, and the 
whole is lessened if not endangered. The exhibit is testimony 
to the hope that the world’s jungles will never exist solely 
as a carefully preserved artifact. > 
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Spectrum of 
Life display 
1 т Ex 


Rainforest Diorama 


+ THE DIORAMA depicts the 
interactions and inter- 
dependence of living things 
in an environment rich in 
biodiversity. It uses high- 

* resolution imagery, video, 
and sound to immerse 
visitors in a setting where 
animals appear to move 
and lighting simulates 


different times of day. Artisans, working from photos and casts, re-create 
~ the rainforest's trees with painstaking detail. 


Interactive stations handle queries 
about what biodiversity is, why it is im- 
portant to humanity, the threats it faces, 
and what can be done to preserve it. 
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“YOU HAVE TO be careful coming up behind 
a bicyclist. They can’t hear you; sometimes 


you can see them jump,” 


By Dan McCosh 


says Janet Gray, whose 
Honda EV Plus is one of the first electric 


cars driven regularly on U.S. roads. 


When Gray and Peter Lucey leased the Honda EV Plus 
to replace the family's aging Saab 900, they hadn't exactly 
been looking for an exotic car. But having a Ferrari in the 
driveway would be commonplace by comparison. Only 
about 500 electric cars were sold last year in the United 
States, mainly to government and utility-company fleets— 
a fraction of the 15 million vehicles sold nationwide. 


NOW ON SALE, TOYOTA'S Prius hybrid-drive car 


A quick review of proposals to develop a high-tech al- 
ternative to what Ralph Nader calls the “infernal internal 
combustion engine” reveals no shortage of working proto- 
types. Ford recently joined with Mercedes and Canada’s 
Ballard Power Equipment Inc. in a $1 billion crash pro- 
gram to develop a viable fuel-cell automobile in the next 
decade. The U.S. Big Three automakers continue work- 
ing in a partnership with the federal government to de- 
velop an 80-mpg family sedan, and Chrysler, Ford, and 
General Motors are working on concept cars to meet this 
goal. European automakers likewise have demonstrated 
research exercises in high-mileage technology. 

Still, it is a big leap to go from research—even building 
a handful of workable prototypes—to mass-producing, 
distributing, and servicing an alternative-power automo- 
bile for daily use. The list of alternative-engine casualties 


combines 


a high-efficiency gasoline engine and electric drive. An 
onboard battery balances the power flow to conserve 
energy. The Prius claims close to 70 mpg, making it one 
of the most fuel-efficient cars in the world, 
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CHRYSLER uses a small battery айда 
computer-controlled manual gearbox 
to combine electric drive with а high- 
efficiency diesel engine. The body of 
the experimental hybrid is made of 
lightweight, injection-molded plastic, 
further enhancing the efficiency of 
the car as well as promising lower 
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since the 1974 energy crisis reads like 
a high-tech version of the Vietnam 
War Memorial. Steam, stirling, strati- 
fied charge, gas turbines, PROCO 
(programmed combustion), the Wankel, 
and various diesel derivatives all have 
had their day in the sun. Even the sun 
has had a shot at it, if you include 
the ultralight gizmos that have raced 
across the Australian desert under 
solar power. 

A handful of electric cars from ma- 
jor manufacturers are in production. 
So far, however, sales of General Mo- 
tors’ EV1 have been so slow that the 
plant was temporarily shut down last 
July, and will stay shut until the sur- 
plus production has been sold. 

Arguably the strongest push to de- 
velop new hybrid technologies is com- 
ing from Japan, where Toyota recently 
launched its hybrid Prius sedan. Prius 
is the first car on sale to the general 
public—albeit only in Japan—with a 
hybrid-drive system. 

The Prius uses a combination of 
gasoline and electric drive to produce 
a claimed 70 mpg in daily use. As pro- 
duction got under way in December, 
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Five-speed 
computer-shifted 


transmission * 


advance orders seemed quite strong. 

Despite the lack of interest so far 
from the motoring public, some are 
still hopeful that it is only a matter of 
development time before the hum of 
electric motors replaces the rap of 
dual exhausts. Mass production even- 
tually will bring the cost down, goes 
the theory. And a combination of a 
growing public concern over car-emis- 
sion contributions to global warming 
and old-style smog-producing emis- 
sions—coupled with the sheer fasci- 
nation about new technology—spells 
doom for the conventional gas-pow- 
ered piston-engine car, at least some- 
time early in the next century. 

A closer look at the list of problems 
to be solved before a high-tech auto- 
mobile becomes commonplace, let 
alone mainstream, reveals something 
else: Solutions sometimes spawn new 
problems. Among these problems are 
limited supplies of new materials re- 
quired for the technology, lack of fuel 
or infrastructure, or even something 
as mundane as the lack of production 
plants that can make critical compo- 
nents in sufficient volume. But the 


chief stumbling block is the sheer cost 
of high-tech drivetrains. 

Typical of how difficult these issues 
can be is the ongoing search for a high- 
capacity battery, which is essential to 
all-electric vehicles and critical to most 
hybrid designs as well. 

Several new batteries have the po- 
tential to expand the range of an elec- 
tric car to 150 to 200 miles with average 
use. Honda and Toyota already are 
using nickel-metal-hydride batteries, 
albeit in limited numbers. Nissan is 
venturing ahead with a lithium-ion 
battery, which has an energy-storage 
capacity about double that of conven- 
tional lead-acid batteries. This spring, 
the first lithium-polymer battery pack, 
with an even higher energy capacity, is 
being tested by a joint venture of 3M 
Corp. and Hydro Quebec. Another 
contender is a sodium-chloride bat- 
tery—likewise a powerful candidate. 

But demonstrating superior perfor- 
mance potential is a long way from 
making an affordable battery. A Chry- 
sler study of electric cars concludes 
that the whole car, sans battery, can 
be built for about the same price as 
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a gasoline-powered equivalent. The 
cost of the battery thus becomes the 
incremental price of the new technol- 
ogy. But those increments can be 
enormous—tripling or even quadru- 
pling the cost of the car. 

The demonstration programs for 
electric cars often mask this issue by 
subsidizing the cost of the battery— 
the $100,000 Chrysler charges for its 
electric minivan more accurately re- 
flects the cost of its battery pack than 
does the $499-a-month lease for a 
Honda EV Plus. The $3,000 battery 
pack now іп СМ’; EVI, for example, 
lasts about three years, which means 
it costs roughly double the price of 
gasoline consumed in an average sedan 
annually. The nickel-metal-hydride 
batteries, considered the technology 
of choice for the next generation of 


electric car batteries and already in use 
by Honda and Toyota, now cost nearly 
$30,000—roughly triple the cost of a 
small car. 

Batteries big enough to power a 
car also are scarce. Small nickel-metal- 
hydride batteries are commonplace as 
the power sources for computers and 
cellular phones, for instance. But the 
high current draw required by an elec- 
tric car demands new technologies. 
Battery packs big enough to power an 
electric car are not in full production 
anywhere. The more exotic batteries, 
including lithium ion and lithium poly- 
mer, are still in the laboratory stage. 
Nickel-metal-hydride battery packs are 
mainly being built in small prototype 
shops. The exception is a prototype 
assembly line running at Panasonic, 
capable of turning out about 1,000 


battery packs a year—the source of 
the batteries in the Toyota RAV4 and 
Honda electric cars. 

Could this picture change? GM 
recently announced it would be offer- 
ing nickel-metal-hydride batteries in 
its EV1, and expects a three-stage 
program to cut the cost of its EV bat- 
tery to the equivalent cost of gasoline 
in about five years. 

Aside from the batteries, a conver- 
sion to electric power, for either pure 
electric or hybrid vehicles, needs 
electric drive motors capable of pow- 
ering the car. A car motor needs to be 
light and powerful. As with batteries, 
many designs offer promise but few 
are available in any substantial num- 
bers. But the main factors inhibiting 
the use of electric power are the de- 
sign, cost, and availability of high-am- 
perage power controllers. 

Switching the high current loads 
in an electric car is the enabling tech- 
nology that makes lightweight AC 
induction motors feasible. It’s also 
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essential in controlling the power flow 
in hybrid-electric vehicles. 


Electric drive 
motor 


Direct-injection 
diesel engine 


FORD'S P2000 CAR uses an alu- 
minum body to reduce weight, 
and a new direct-injection diesel 
for primary power. A parallel hy- 
brid drive further enhances effi- 
ciency. To meet existing emission 
standards, Ford proposes a new 
kind of clean diesel fuel that still 
needs to be developed before it is 
widely available. 


Again as with batteries, successful 
power controllers tend to be expen- 
sive. Unlike batteries, however, solid- 
state power controllers of various 
designs are relatively recent inven- 
tions—hence the hope is they will 
drop rapidly in cost, as do many semi- 
conductor-based technologies. Here 
again, GM claims the solutions are 
near at hand—and says that a pro- 

gram will reduce the weight and cost 
of its electric drivetrain to the 
equivalent of a gas engine 
within about five years. 
Even the seemingly 
mundane issue of 
reducing weight 
in hybrid vehicles 
is quixotic. Alu- 
minum and com- 
posites, often used 
to keep weight 
down, are far more 
expensive than steel. 

The irony is that these 
lightweight materials of- 
ten end up being offset 
by the extremely heavy 
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Fuel Cells: Around the Corner? 


EFFICIENTLY converting hydrogen to 
electricity with a fuel cell, leaving 
harmless water vapor as the only 
byproduct, has been one of the most 
promising alternatives to the internal 
combustion engine—for decades. 
Recently, it became more than a dis- 
tant promise when Daimler-Benz an- 
nounced that it would be producing 
between 40,000 and 100,000 fuel- 
cell-powered vehicles by 2004. Meet- 
ing that goal would represent a 
fundamental change in the basic 
power unit of the automobile. 
Daimler-Benz's announcement was 
quickly followed by news of its joint 
venture with Ballard, prominent 
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Hydrogen 


program. The venture ultimately is 
aimed at producing powertrains for 
other automakers as well. 

Ballard now says a production- 
ready fuel cell will be developed with- 
in two years. The technology's energy 
density now is good enough to make 
a suitcase-size power package that 
converts the hydrogen to electricity. 
Hydrogen is difficult to store, how- 
ever. So a methanol converter that 
breaks the hydrocarbon fuel into hy- 
drogen and carbon dioxide is part of 
Daimler-Benz's plan. 

Fuel cells operating on gasoline 
or methanol are less efficient than 
those fueled by pure hydrogen, since 
the carbon in those hydrocar- 
bon fuels isn't used to make 
electricity. Even so, a liquid- 
fueled cell is expected to get 
the equivalent of an impres- 
sive 80 mpg. 

General Motors now says it 
is working independently to 
produce a fuel-cell-powered 
vehicle to be “production 
ready" in the same time frame. 

The rapid emergence of vi- 
able fuel-cell technology is 
tempered by the same problem 
slowing other alternative- 
drive systems—cost. The latest 
estimates indicate that a sys- 
tem with today’s technology 
would cost about 10 times the 
price of a conventional drive- 


A fuel cell converts hydrogen to electricity by combin- 
ing hydrogen protons with atmospheric oxygen, build- 
ing a potential across the fuel cell’s two sides. 


train. Ballard expects that 
changes in materials, com- 
bined with high-volume 


among the companies making fuel- 
cell stacks. Later, Ford Motor Co. 

joined with Daimler-Benz and Bal- 
lard, adding more emphasis to the 


drivetrain components—primarily the 
batteries, but also some types of elec- 
tric motors used in these hybrids. 
СМ’; EVI, for example, is at 1,900 
pounds one of the lightest production 
cars ever put on the road. That is, un- 
til you add the 1,100 pounds of batter- 
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production methods to produce the 
fuel-cell membranes, will cut the 
cost within the anticipated time 
frame.—D.M. 


ies it carries. In the hunt for extreme 
fuel efficiency, weight is the enemy. 
And a hybrid drive carries consider- 
able extra mass compared with a light 
gasoline engine. The relatively low 
mass of today’s conventionally powered 
car, achieved mainly with low-cost 


steel, is one reason why it is difficult 
to develop a successful alternative. 

In the face of these obstacles, the 
pioneering efforts of GM in launching 
the EV] all-electric car and the follow- 
up efforts of other major carmakers 
are laudable, but the products avail- 
able to consumers remain high priced 
and short of range. But the sudden 
emergence of the Toyota Prius hybrid- 
drive car in Toyota’s Japanese dealer- 
ships is abruptly changing the picture. 

At an equivalent price in U.S. dol- 
lars of about $18,000—$2,000 to $3,000 
more than the same car with a gas en- 
gine—Toyota is charging a premium 
less than that of a typical leather-seat 
package for a car with an estimated 
70 mpg in average use. Toyota execu- 
tives admit that the retail price does 
not reflect the actual cost of the car 
—confirming to some extent that the 
Prius is still too expensive to compete 
with conventional drivetrains. But 
Toyota also insists the vehicle will be 
profitable if sales hit about 90,000 cars 
a year—a normal production volume 
for subcompacts, and well within the 
capability of the production plant 
making the car. The Prius thus comes 
closest to the goal of a reasonably prac- 
tical alternative-drive car. 

It’s the interaction of the high-effi- 
ciency, constant-speed engine and elec- 
tric motor that provides the remark- 
able claimed efficiency of the Prius. 
The two interact through a planetary 
gearbox. Sometimes the electric is 
providing the primary motivating 
force, other times the two act in uni- 
son. The efficiency is gained in sev- 
eral ways—the constant-speed engine 
itself is claimed to be 25 to 30 percent 
more fuel efficient than conventional 
engines, due to its high expansion ra- 
tio and lean combustion. The electric 
drive also allows the vehicle to reclaim 
energy through regenerative braking. 

A closer look at the Prius hybrid 
also reveals that at least some problems 
inherent in hybrid-drive systems have 
been solved. Eliminating an automatic 
transmission saves both weight and 
cost, for example. By coupling the 
electric and piston drive motors 
though a simple planetary drive, the 
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HONDA'S APPROACH to 
hybrid drive combines a 
gasoline engine with an 
ultracapacitor to store and 
balance the energy flow. 
The electric storage system 
handles high power loads 
of short duration. The 
result is a 70-mpg hybrid 
drive with potentially 
quick acceleration. 


Ultracapacitor 


engine 


speeds of the two can interact seam- 
lessly; the power of each is controlled 
by varying power and charging current 
through a high-amperage controller. 

The battery is composed of a series 
of spiral-wound nickel-metal-hydride 
cells, adapted from commercially pro- 
duced power packs. 

Outside researchers who have 
studied the Toyota approach note that 
the relatively high cost of its electric 
motor, along with the ancillary battery, 
could add considerable extra cost. But 
estimates of the exact amount range 
from $2,000 to more than $10,000— 
and Toyota is not discussing the mat- 
ter. At the low end of this price range, 
a practical alternative car is just around 
the corner; but at the high end, it is 
still years away. 

Remarkable as it is, however, Toy- 
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Electric 
drive 
motor 


ota's Prius is already getting caught 
in the basic scenario that ultimately 
discouraged research in high-mileage 
cars in the 1970s: The constant re- 
finement of the internal combustion 
engine makes it a moving target for 
technical challengers. 

Today, the promise of high-mileage 
piston engines is coming from direct- 
injection (DI) gasoline engines and 
lightweight diesels, some promising 
extremely low emissions. DI diesel 
and gas engines promise fuel economy 
improvements in the 25- to 45-percent 
range. Mitsubishi expects to use all 
DI gas engines within two years. So 
far, the introduction of this technol- 
ogy has been inhibited in the United 
States by the high sulfur content of 
U.S. gasoline, which cuts the life of 
lean-burn catalytic systems. 


Lightweight diesels likewise are 
being introduced rapidly in Europe, 
and several small cars are claiming 
mileage in the 60-mpg range. Stringent 
U.S. emission standards for particu- 
late and oxides of nitrogen, or NOx— 
the diesels’ weakness—have inhibited 
development of diesels here. 

Regardless, an all-aluminum direct- 
injection diesel under development 
at Ford is the basic powerplant for 
the all-aluminum prototype hybrid- 
drive concept car recently unveiled 
at the North American International 
Auto Show in Detroit. That engine 
burns an exotic, natural-gas-derived 
fuel to beat the particulate problem. 
A recently announced agreement be- 
tween CM and major oil companies 
promises to look at the development 
of alternative fuels. 

Alternative-drive concepts by Ford, 
Chrysler, GM, and Honda also were 
unveiled at the Detroit show. As а 
technological tour de force, the show 
underscored the reality of alternative 
drive today. The ultralight, ultraeffi- 
cient concept cars gleamed on the 
stands, but are still at least several 
years from the showrooms. Ф 
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One scientist's vision 


revolutionizes the hearing 
industry, benefiting millions 


of people... 


Crystal Ear® uses sophisticated electronics to provide affordable, 
cosmetically-pleasing and easy-to-use hearing amplification. 


ne day a friend asked my 
wife Jill if I had a hearing 
. “He certainly does," 


replied Jill, “Me!” After hearing 
about a remarkable new product, 
Jill finally got up the nerve to 
ask me if I'd ever thought about 
getting a hearing aid. ^No way," 
I said. "It would make me look 
20 years older and cost a fortune." 
“No, no," she replied. "This is 
entirely different. It's not a hearing 
aid...it’s Crystal Ear!” 

No one will know. Jill was right. 
Crystal Ear is different—not the 
bulky, old-styled body-worn or 
over-the-ear aid, but an advanced 
personal sound system so small 
it’s like contacts for your ears. 
And Crystal Ear is super-sensitive 
and powerful, too. You will hear 
sounds your ears have been miss- 
ing for years. Crystal Ear will make 
speech louder, and the sound is 
pure and natural. 

I couldn't believe how tiny it is. It is 
smaller than the tip of my little finger and 
it’s almost invisible when worn. There are 
no wires, no behind-the-ear devices. Put it in 
your ear and its ready-to-wear mold fits 
comfortably. Since it’s not too loud or too 
tight, you may even forget that you're wearing 
it! Use it at work or at play. And if your hear- 
ing problem is worse in certain situations, use 
Crystal Ear only when you need it. 

A fraction of the price. Hearing loss is the 
world’s number-one health problem, but in 


COMPARE CRYSTAL EAR AND SEE THE DIFFERENCE 


MOST 
IN-CANAL 
BRANDS 


Yes 


CRYSTAL 
EAR 
Require fitting 
Require testing Yes 

160 hours 
Average 


Frequent 


Battery life 

Impact resistance 
Whistling/feedback 
Telephone use 
Retail price 


320 hours 
Excellent 
Limited 
Yes 
$1,000-2,000 


Excellent 
$299.85 
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FREQUENCY 


RESPONSE: 
200 Hzto № problem... 
6142 Hz Hearing loss, which 


typically begins. 
prior to teenage 


HARMONIC 
years, progresses 
DISTORTION: | throughout one’s 
03% at 1600 Hz 


lifetime. Nearly 90 
percent of people 
suffering the type 
of loss Crystal Ear 
was designed for 


AMPLIFICATION: В choose to leave the 


Superior № Problem untreated 
Class D № Cystal Ear is now 
éircmy" || available to help 


these people treat 
their hearing loss 
with a small and 
very affordable 
Class | in-the-canal 
hearing amplifier. 


VOLUME: 
‘Adjustable 


most cases it goes completely untreated. For 
many millions of people, hearing devices are 
way too expensive, and the retail middlemen 
want to keep it that way. What's more, treating 
hearing loss the old retail way can involve 
numerous office visits, expensive testing and 
adjustments to fit your ear. Thanks to Crystal 
Ear, the “sound solution” is now affordable 
and convenient. Almost 90% of people with 
mild hearing loss, and millions more with just 
a little hearing dropoff, can be dramatically 
helped with Crystal Ear. Plus, its superior 


design is energy-efficient, so batter- 
ies can last months, not just weeks. 


You'll feel years younger! Wear 
Crystal Ear indoors, outdoors, at 
home and at work. Crystal Ear 
arrives ready to use, complete with 
batteries, two different fitting 
sleeves, a cleaning brush and even a 
carrying case. Crystal Ear is a break- 
through advance in the hearing 
device field. It is made in the USA, 
using state-of-the-art micro-manu- 
facturing techniques that cut costs 
dramatically—savings that we can 


pass on to you. The conventional companies, 
domestic and foreign, don’t like that! 

Don't be fooled by high prices. No hear- 
ing device, no matter how expensive, can 
eliminate background noise, despite claims 
by the manufacturers. Crystal Ear does not 
promise miracles—just an affordable, sound 
solution to many common hearing problems. 


DON'T TAKE OUR 
WORD FOR IT... 


“My father spent 
over $5000 on anoth- 
er brand. I showed 
him my Crystal Ear, 
he tried it, and he 
decided it worked 
better than his 
brand, even though 
it was a small 
fraction of the cost!" 


—A satisfied Crystal Ear user 


рег 32 million Americans experien 
some loss of hearing. Though most cases go 
untreated, over 90 percent of these people 
would be disappointed to learn from their 
doctor that there is no medical or surgical 
cure. There is, however, an effective treat- 
ment: electronic amplification.” 

—Dr. Dale Massad, MD 


Risk-free. Try Crystal Ear and hear what 
you've been missing. It comes with a 90-day 
manufacturer's limited warranty as well as 
our risk-free home trial. If you're not satisfied, 
return it within 30 days for a full refund. 
Crystal Ear?: 

Three credit-card payments of $99.95 $12 S&H 
If not purchasing a pair, please specify right or left ear. 


Please mention promotional code 3461-12503. 
For fastest service, call toll-free 24 hours a day 


800-992-2966 
mresm- 
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2820 Waterford Lake Dr., Suite 102 
Midlothian, Virginia 23113 
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ASK POPULAR 


How do flowering plants know when 
to bloom? 

John Ramos Bell 

via e-mail 


LIKE OBEDIENT children, flower- 
ing plants do as they’re told. But 
rather than receiving a single instruc- 
tion that triggers blooming—say, in 
the form of a change in tempera- 
ture—plants monitor information 
or “instructions” from a variety of 
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sources to help them determine when 
it’s time to bloom. “Since plants, un- 
like animals, are stuck in one location, 
they need to carefully sense and re- 
spond to different environments and 
conditions,” according to Steve Ja- 
cobsen, who is a research fellow at 
the California Institute of Technol- 
ogy. These instructions involve the 
amount of food and water available, 
light, and temperature, as well as 
the age of the plant. 

Food and water regulate flower- 
ing time in many plants. For example, 
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Research by Gunjan Sinha 


plants with limited access to nutri- 
ents often bloom earlier than those 
that are well fed. The lack of nutrients 
actually forces early blooming, as the 
plant tries to reproduce before it dies. 

Special light sensors also influence 
flowering. These photoreceptors, or 
light-sensitive proteins, are indepen- 
dent from the green chlorophyll that 
absorbs light to make energy in pho- 
tosynthesis. In fact, these photore- 
ceptors tell seedlings that they've 
broken above the soil line and should 
begin to photosynthesize. 


THE IDEA OF AN AIRCRAFT lifted and propelled by overhead rotors has existed since medieval times, but it wasn't until 
1940 that Russian-born Igor Sikorsky flew the first helicopter. Initially used to ferry soldiers and supplies during wars, 
helicopters brought new maneuverability to aviation. Here's how they work.—Gunjan Sinha 


Ө Each of the helicopter's long 
thin blades is shaped so that the 
top is curved and the underside is 
slightly less so, creating the so- 
called aerofoil shape. * 


so that their pitch, the 
angle at which they 

meet the airstream, is 
gradually increased. 
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5 a result, air pressure decreases 
above each blade and increases under- 
neath ít, providing an upward force or 
lift. When the lift beneath the blade is 
greater than the weight of the heli- 
copter, the craft rises into the air. 


© Increasing each blade's pitch. 
as it passes over the tail and 
decreasing it as it passes over 
the front creates greater lift 
over the tail than the front of 
the craft, propelling it forward. 
Reversing the order of the pro- 
pellers' pitch as they pass over 
the front and back of the craft. 
frgropels the helicopter backward. 


The tail rotor coun- 
teracts the tendency 
of the fuselage to 
move in the opposite 
direction from the 
blades when the heli- 
copter is hovering. 


Airflow 


79 


Gyo 


THE FACTS 


Sky Scope 


WITH ITS SPECTACULAR view some 
380 miles above Earth’s hazy atmos- 
phere, the Hubble Space Telescope 
produces an impressive string of im- 
ages and discoveries that scientists 
are using to help understand the evo- 
lution of our universe. (For more on 
the telescope, see "What's Next for 
Hubble,” page 56.) 

—Compiled by Gunjan Sinha 


In development for more than 23 
years, the telescope was launched in 
April 1990. Its originally planned 15- 
year life was recently extended to at 
least 20 years, until the year 2010. 


The 24,500-pound (11,110-kilogram), 
43.5-foot (15.9-meter) telescope is 
about the size of a Greyhound bus. 


Intended from the outset to be ser- 
viced in space, the Hubble was de- 
signed with modular components 
that can be replaced. The 
telescope is revamped dur- 

ing each servicing with the 
instruments that use the 

latest technology. 


The Hubble has been vis- 
ited twice for servicing by 
spacewalking astronauts. A 
December 1993 servicing 
mission lasted 11 days, and 
astronauts made a record- 
breaking five space walks. 
During the 10-day mission 
in February 1997, astro- 
nauts also made five space 
walks. The last two mis- 
sions are scheduled for 
1999 and 2002. 


Each orbit around Earth 
takes 97 minutes. Between 
observations with its sci- 
ence instruments, the tele- 
Scope spends much of its 


time performing “housekeeping” ac- 
tivities, which include turning to face 
a new target, receiving commands 
from the control center, and sending 
data back to Earth. 


Images and data collected by the 
telescope travel 90,000 miles over 
satellite and ground links before they 
reach the Space Telescope Science In- 
stitute in Baltimore. 


The Hubble Deep Field image, a sur- 
vey made in late 1995, contains the 
most-distant objects observed to 
date. It shows almost 3,000 galaxies 
more than 10 billion light-years away 
(one light-year is about 10 trillion 
kilometers, or 6 trillion miles). 


The Hubble whirls around Earth at a 
speed of 5 miles per second. If cars 
moved that fast, a coast-to-coast trip 
across the continental United States 
would take less than 10 minutes. 


Photoreceptors have several 
classes. Proteins that are known as 
phytochromes are the major sensor 
for avoiding shade, measuring day 
length, and sensing the proximity of 
other plants, as well as knowing 
when to flower. There are at least 
five related phytochromes, says Ja- 
cobsen, and researchers are only 
now beginning to understand the 
different roles they play in these 
various processes. 

As for temperature, we know from 
experience that plants won't bloom 
until the air and soil are warm enough 
to do so. Unfortunately, nothing is 
currently known about how plants 
sense temperature. But temperature 
is sometimes important to blooming 
in a way that isn't obvious. Some 
plants, for example, must go through 
a cold spell, called vernalization, be- 
fore they'll flower. 

Finally, the age of the plant de- 
termines when it flowers. Plants only 
flower when they're mature, but how 
plants measure time is another mys- 
tery facing researchers. 


How are the fat and calories measured 
thatare listed on food labels? 

Brandon Knapp 

via e-mail 


FOOD-TESTING laboratories measure 
fat content by mixing foods with 
chemicals that separate out the fat. 
The exact chemicals and procedures 
a lab uses depend on the way the fat 
is complexed, or bonded chemically, 
within the food. 

Take measuring the fat content 
in a piece of meat, for example. Since 
the fat either surrounds the meat or 
sits in pockets within the muscle 
fibers, the fat content is easily mea- 
sured. Labs first wash the meat with 
a solvent, like ether, which dissolves 
the fat. They then evaporate the ether 
from the mixture and weigh the re- 
maining fat. 

A more complex food—say, a pep- 
peroni pizza—has fat blended into 
not only the meat, but into the 
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Train At Home 
For Success 


With Foley-Belsaw training, 
you learn to earn 


Train for a new full-time 
career or part-time income 
Once you've got the skills 
people want and need, you'll be in- 
demand and in the money! It's no 
surprise that people with electron- 
ic and computer training earn such 
good money. Many skilled electron- 
ic techs earn $20 to $25 an hour. 
While computer programmers and 
network techs are paid up to $35 
and $45 an hour. And when these 
skilled professionals go into busi- 
ness for themselves, their income is 
even higher — much higher. 

Why are they paid so well? 
Because the electronic and com- 
puter fields have grown so fast, a 
serious shortage of qualified techni- 
cians exists.And government 
statistics project this shortage to 
last well into the 21st century. But 
how do you get these skills? It’s 
easy and Foley- 
_Belsaw can 


- 


VCR Cleaning, Maintenance & 

Repair: Learn troubleshooting 
skills for repairing and servicing VCRs 
and earn up to $50 an hour. 


Computer Repair, 
Maintenance & Upgrade: 
Service the information superhighway 

as a skilled computer technician. The 
computerization of America can mean 
big money to you. 

Computer Programming: 

Skilled computer programmers 
are in demand and technology is the 
wave of the future. Secure your future. 
Learn computer languages and 
programming skills. 

TV/Satellite Disb Repair: 

Entertainment is big business. 
Here's your lucky break. Earn top 
dollar as a skilled satellite dish 
technician. 


Get your high-tech 
skills at home 


Foley-Belsaw, world 
leaders in home training 

since 1926, can show you how to 
succeed in any one of seven high- 
tech fields with proven home train- 
ing. 

Their self-paced courses let you 
train in your spare time. Step-by- 
step instructions take you from the 
basics through the advanced skills 
that qualify you for the top paying 
jobs. It even shows you how to 
make extra cash as you're learning. 
And you don't need any previous 
experience. Yes, you can get the 
high-tech skills you need to suc- 
ceed and Foley-Belsaw will back 
you every step of the way. 


Get the facts! 
Send for a free Lifetime 


Security Kit today 


Get your free Lifetime Security 
Kit today. The full-color materials 
tell you, in detail, about the endless 


PC Specialist: We'll show you 

how you can master the personal 
computer, at home in your spare 
time.Learn word processing, 
spreadsheet and data base work. 


Electrician: The opportunities 
are endless. As a trained commer- 
cial or residential electrician your 
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Please Check Only ONE of the Following: 
О VCR Repair 62773 

О Computer Repair 64675 

О Computer Programmer 35491 
O TV/Satellite Dish 31544 


Foley-Belsaw Institute 
6301 Equitable Road * Kansas City, MO 64120 


О YES! Rush me a free Lifetime Security Kit 


opportunities available to you in a 
high tech field. Best of all, it shows 
you how, with training, you can 
make these opportunities work for 
you. It even explains how you can 
start a business of your own. 

Your first step to success starts 
with getting the right information. 
Just pick the money-making field 
that's right for you and mail back 
the coupon below. We'll rush your 
free Lifetime Security Kit immedi- 
ately by first class mail! Don't put 
off what you know can't wait. Send 
for your Kit today! 


Fill in and 
mail coupon below or 


Call Toll-Free 
1-800-487-2100 
to receive full 
information and details 
free by return mail. 
DO IT TODAY! 


future is sure to be bright. Earn while 
you learn in this fast-growing field. 


Networking Specialist: 

Fast-paced America depends on 
efficiency. Networking specialist can 
earn great money tying personal com- 
puters together to make efficient 
operating systems. 


О РС Specialist 38320 
Q Electrician 95354 
O Networking Specialist 39307 
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Or Call Toll-FREE 1-800-487-2100 


ular From the editors of Popular Science Magazine 
СЕПСЕ тне wHat's мем weesite 


AOL Keyword: popsci 


www.popsci.com 


Fed up with trying to figure out what GSM, CDMA, 
TDMA, and all those other wireless phone acronyms 
mean? We guide you through the maze so you can 
determine what wireless solution best fits your needs. 
Plus: 
Update: Satellite phone services 
Communications services and where 
they operate on the radio spectrum 
Wireless modem options 
How it Works: the wireless phone call 


REGULAR FEATURES 


Essential Guides 
Planning on buying a new camera or sport utility vehicle? 
Get the basics first from our Essential Guides. 


Links 

Popular Science's recommendations on the best 
science, automotive, home technology, computer, 
and electronics sites. 


PopSci Digest 
Web-exclusive news stories, hands-on reviews, 
events, and exhibits. 


Advanced Site Search 

Looking for an article you saw online? Want to find 
out when an article ran in POPULAR SCIENCE? 

Our advanced site search enables you to search 

our entire web site, including archived materials, 

or 1992-1997 indexes to PoPuLAR Science magazine. 
www. popsci.com/sitesearch 


Subscription Information 

It's now easier than ever to renew your subscription, buy 
a gift subscription, or take care of an address change. 
www.popsci.com/subscribe 
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cheese, the crust, and so on. What’s 
more, these fats are more tightly 
bonded to proteins and carbohydrates, 
and therefore must go through sev- 
eral chemical treatments to isolate 
the total fat content. 

То determine the number of calo- 
ries in a specific food, labs not only 
measure fat, but also proteins, min- 
erals, moisture, and carbohydrates. 
Proteins are extracted and measured 
in much the same way as fat, but us- 
ing a different chemical process. To 
measure the moisture, the food is 
weighed, then dried in an oven be- 
fore being weighed again. The dif- 
ference in weight is equal to the 
moisture content. Finally, to mea- 
sure the mineral content, the food is 
burned—literally, it’s set on fire— 
and the remaining ash, or minerals, 
are weighed. 

Adding the weights of the com- 
ponents and then subtracting that 
number from 100 (as in 100 percent 
of the ingredients) yields the carbo- 
hydrate weight. To determine how 
many calories are in a specific food, 
food labs use this simple conversion: 
1 gram of carbohydrate is equal to 4 
calories; 1 gram of protein is equal 
to 4 calories; and 1 gram of fat is equal 
to 9 calories. Water and minerals 
contain no calories. 

For the record, a calorie is the 
amount of energy it takes to raise the 
temperature of 1,000 grams (a kilo- 
gram) of water by 1°C, Much more 
loosely, the amount of energy we get 
from our food by metabolism (the way 
we “burn” food) is the same as if we 
had burned it in a fire. Ф 
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No Money Down. 
As Low As $130/month. 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, New York 14206 


www.maxatvs.com 


BE TALLER!! 


Tired of being 
short? Try our 
quality footwear. 
HIDDEN height- 
increasing feature 
INSIDE shoe. NO 


OVERSIZED 
HEELS! Will make 
you 2"-3" TALLER depending on style. OVER 100 STYLES AVAILABLE, 
Extremely comfortable. Sizes: 5-12 Widths: B-EEE. In business 
over 55 years, 2 Call or write for 
EREE color catalog. ] 


ELEVATORS” 


RICHLEE SHOE COMPANY, DEPT. PS83 
P.O. BOX 3566, FREDERICK, MD 21705 


TAN «a HOME! 
For as Low as 

$20/Month | ar. 
BUY DIRECT & SAVE === 


HOME DELIVERY 
Commercial Units Available == 


LES 800-842- E 324 


= Ideal for garage & workshops 
Protect your investments economically 
= Up to 80' wide, unlimited lengths 


800/891 -6733 ask for ext. 343 


Make 525 to ‘100 per hour 
with Badge Я Minit 


Yes, it's really possible by making and 
selling bright, colorful Badge-A-Minit 
buttons. Buttons are proven money- 
makers at fairs, flea markets, con- 
ventions, or anywhere people 
congregate. They're fast and easy 
10 make with Badge-A-Minit and 
inexpensive! 
Call for a FREE full color фр 
catalog or order а / 
Starter Kit for only $29.95 “Җ Р а 
plus $4.50 shipping. `` 88 
(IL residents add $1.87 tax). 
Badge-A-Minit, Dept.PS398, P.0. Box 800, LaSalle, IL 61301 
0: 


CALL 1-800-223-4103 
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TEMPERATURE 


нано тру 
мно сны 


Size shown: 15 /i* x 11 a" 


Put the weather 
on your wall 


The Weather Picture?" is an eye-popping new 
wall unit that continuously displays all the vital 
weather data you have selected, without having 
to press a single button. Big red numerals are easy 
to read from across the room, day or night. Avail- 
able in two sizes, in brushed aluminum or elegant 
solid teak frame. The separate control unit pro- 
vides detailed data--more than enough to satisfy 
even the most dedicated weather buff. 

Purchase the Weather Picture together with the 
incomparable ULTIMETER® Weather Station, 
starting at under $400. Or add it to your existing 
ULTIMETER System for less than $150. It's easy 
to add programmable display modules to The 
Weather Picture now or later as needed. 

For complete details, call toll-free, fax, or write us. 
Or visitour WebSite to see and try our UL: 
Systems. "The best!" says WeatherWarch maga- 


ine (5/96). 
B. ^ 771-800-USA-PEET 
or 732-531-4615 FAX: 732-517-0669 
www.peetbros.com 
EET BROS COMPANY 


1308-803P Doris Ave., Ocean, NJ 07712 


@Smithy 3-in-1 LatheeMilleDrill 
Benchtop machine shop 


* Make your own parts and repairs 
+ Easy to use, free training 


4 models 
starting at 


* Work metal, wood, or plastic 


Ree. Dept, PS, POBox 1517 
wo Ann Arbor, MI 48106-1517 


TUB; LIGHT) 
TUBULAR SKYLIGHT? 
B. PROVIDES YOUR HOME OR OFFICE 
WITH BRIGHT NATURAL LIGHT USING 
ADVANCED REFLECTION TECHNOLOGY 


Little or no heat gain or loss 
No structural changes required 
15 year transferable warranty 
Meets national standards for 
ALL roofing structures and styles 
Do-it-yourself kits available 
Installs in Jess than 2 hours 
Major Credit Cards + UPS Delivery 
DEALERS INQUIRIES INVITED 

* ICBO APPROV ATEN 


SUN STARÝ 
АЯ 


ae 1-800-SUN-STAR 


www.sunstarskylights.com 
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Unlimited, GE ER tant 
Background Music from Original Standa 
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Thompson Vocal Eliminat ® j 
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'mo/Info Reque: 60} 
When You Want ‘Something Better ‘Than Karaoke! 
Discover one of the most bizarre collections of 
incredible plans, lost secrets, forgotten how-to, and 

Learn how to make neon signs, rewind motors. 
Get high power from auto al- 
* Plastics! 15:5: and generators 
" a working solar 
e Homesteading} 5. 
radio, robot, 
© BOOZE! т... сел, „оь Vande 
Secrets of 
making 
e Tesla! ы. 
* Chemistry! 
embalming corpses, homesteading, 
survival. Plastic injection molding! 
magnets! Learn calculus, phys- 
ics. Much more! Finest collec- § 
sawmills, crystal sets, electron- 
ics. Secrets few people know! 
catalog! All books highest qual- 
ity! Guaranteed. Catalog sent 
FAX 815/935-5477 
3 |] 
lindsay е 
Вох 538-WX17, Bradley IL 60915 


strange books ever assembled! Write for a catalog! 
Run your car on coal and 
* Hydrogen! electricity. Build 
Im E Graaff, & more! 
* Radio X [Ж 
* Much Моге! 
Recycle precious metals! Make 
tion of Tesla books! Cameras, 
Write for Lindsay’s Secrets б 
immediately! Write today! 
Send Your Name and Address to 
http://www.keynet.net/~lindsay 


The Amazing Walk-Behind Brush Cutter! 


NEW ОН? FIELD and 
BRUSH MOWER 


CLEARS & MAINTAINS meadows, pastures, 
woodlots, wooded and rough non-lawn areas with 
ease. CUTS tall grass, weeds, brambles, tough 
brush and even hardwood saplings up to 1" thick. 


CHOPS/MULCHES most everything it cuts. 
Leaves NO TANGLE of brush to pick up like 
hand-held brushcutters and sicklebar mowers. 
Perfect for low-maintenance wildflower 
meadows, European-style 
woodlots, walking paths, 

or any area you only want 
to mow once a month 
or once a season! 


Save Money— 


saw your own lumber 


With a Wood-Mizer! 


1-800-553-0219 


*Upto 14 HP 
*4 Speeds 


* Power 


WOOD HEAT 


* Never be cold again! 
UST „2 year warranty 
Р © Heats entire home 
р © Wood, Wood-oil, 
|| Wood-gas models 
* Forced Air or 
^ Hot Water furnaces 
* Uses 1/2 the wood as other brands 
Call or write for factory direct catalog 


Charmaster? 
2307 C HIGHWAY 2 WEST 
GRAND RAPIDS, MINNESOTA 55744 
218/326-6786 or 218/326-2636 


{Please mail this coupon TODAY for complete FREE; 

1DETAILS of the DR* FIELD and BRUSH MOWER! 

li tions, and “Off-Season” 
s no obligation. 


©1000 CHP, ке. „ _ _ _ 2 


OUNTRY HOME PRODUCTS" Dept, 3486F 
` Meigs Road, Р.О. B VT 05491 
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Telescopes * Binoculars * Biology * 


Call 1-800-728-6999 
for a free catalog. k 


Edmund 
Scientific 
SCIENTIFICS CATALOG DIVISION 


Dept. А981С911, 101 E. Gloucester Pike a 
Barrington, New Jersey 08007-1380 N 
E-mail us at; scientfics@edsci.com 


* Phe 


© Optics 


Only 


[31575 


|| For 4'0" Diameter. 
1I-Riser К ў 
Broomall, PA | 


*Diameters 36" to 7'0” *Diameters 4'0” to 6'0” *Diameters 4'0" to 6'0” 
«Киз or Welded Un "АП Oak Construction *Weight Saving Cast Aluminum 


All kits available in any floor-to-floor height and BOCA/UBC code models. Майе in the U.S.A. 
Call for the FREE 32 page color catalog: — Fpicase send me the FREE 32 page color catalog: 
i 
Ext. PS98 і Мапи 


or visit our Web Site at http://wwwtheironshop.com — | Address 


City State 
Mail to: The Iron Shop, Dept. 
0 Reed Rd., Broomall, PA 1900 


Showroom/Warehouse Loc: 
Broomall, РА (610) 5 Houston, ТХ ( 
Ontario, CA 


HE IRON SHOP 


for making четы 
Concrete Items 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from the world's 
largest mold manufacturer. 


CONCRETE MACHINERY CO., INC. 
P.O. Box S99, Hickory, NC 28603 
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CATALOG! 


From America’s oldest mail-order cigar company, established 1915, 4 
Thompson Cigar Co. 
P.O. Box 31274 * Tampa, Fl 33633-0537 * Fax: 1-813-886-2380] " 
Call: 1-800-705-1096 * Dept. A013 


Name 


Address Ар F 


Ee 


Tiy Siae Zp 


Y 


ну 


SAVE MONEY : 


WITHA MAGNATRACse! 

Buy Factory-Direct. Do your own work. 1 
Grade roads, landscape, mow hillsides, clear 1 
land, excavate, garden, haul logs, dig ponds. 1 
Work for others for ! 
Extra Cash! 1 


MAGNATRAC 
Crawlers 
low as 


@ BROCHURE - FREE 
9 VIDEO - vus (45 min) $9 
€ CATALOG - uses а prices $2 


Use... 
VISA & MC $ 
(414) 377-7211 
STRUCK СОВР. ВОХ 307 - DEPT:PSO398 
CEDARBURG, WI 53012-0307 


© 


Professional-quality 
weather stations for 
home or industry. 


Various models track temperature, 


wind, rain, evapotranspiration, heat- 
stress index, UV index, degree-days, 
and more. Priced from $150”. 


For a free catalog of all our 
stations and accessories, call 


1-800-678-3669 


POS 0308 
Davis Instruments 


3465 Diablo Avenue, Hayward, СА 94: 


61 Ways to Help You 
Qualify for the Job You Want 
Free Facts about. г 
Diplomas and Degrees 
| A 
for 
field that interests you most and 
how to train for it. 
E» 1-800-595-5505 ext. 1887 
CALL ANYTIME—24 hours a day, 7 days a week. 
OR MAIL COUPON TODAY! 47020 
international Correspondence Schools 
ки ж APCS28S, 925 Oak Street, Scranton, РА 18515 


‘Send free facts on how I can study at home for the career 
1. CHECK ONE BOX ONLY. 


without any previous exper , 
you can train for а money-makin 
Сагеег.. еуеп get a Specializet 
Associate Degree. Call or send 
free information on the career 


BUSINESS DEGREE PROGRAMS ТЕ PROGRAMS. 
Beast Бана cing Pony, 
ES Bus Mgmt—FranceOpton С 65 Beal 
E Bos Mont 5 Бесик 
CAREER DIPLOMA PROGRAMS | 
ETT MA Ha Ca Spelt 
т ево С 38 Taver Agent 
| 
О 22 Wildite/Forestry Conservation | О 76 Freelance Weiter 
Б 06 Gecrican E 12 ме Decorator 
E 7O Smal Business Management 55 Diese! Mechanics 
D 25 Gun Repair О 26 Teacher Aide 
Б à Bookkeeping В мейш rein 
Б 9 Tax Preparer a Pharmacy fc 
008000 Dey Care Management 518 Home Inspector 
Вари pr 
ear 
E 19 Bartender Б Sé Pate esa 
Bi Б Sat ene es 
53 Motor Repair О SS internet Web Page Designer 
О боев Матей О 151 Punter 
5 851 Daneg О 152 Mason 
Bs О 156 Welder 
£138 Personal Computer брк: С 138 Auto Body Repair Technician 
E 27 PC Repair E Марука Contractor 
haror Test Prep. B XH DM Gic NE 
E sa Pimes a Miran o С] Rome Remodeing & Repair 
ПИ ТУУС Repair s 
Б шшш О Progamming BASIC 
E 40 Photography E ir Vital Basi 
О 69 COBOL* 
"for persona enrichment Беда 
Г Нате. Age. 


| Street. 
1 City/State 
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Зо" SPEAKERS 
2Pressure Levels (iw 
1Photocell NiteLite 


Customers report: 


Roach, Spider, Pest Problems: Cured or GONE 
Guaranteed to repel Mice, Rats, Squirrels, Bats, 
Fleas. 3 Ultrasonic speakers are mounted on con- 
cave and convex surface for maximum coverage and 
sound intensity. Choose Hi-Low pressure sound level 
depending on your needs. The most advanced de- 
sign available. Easily exceeds competive models by 
50 times or more. KINDER than traps, SAFER than 
poisons, INAUDIBLE to people and pets. Will not 
interfere with TV, computers or electronic equipment. 
No chemicals, insecticides or fumes. No mainte- 
nance. Safe to use everywhere. 434x214x114 inches, 
Ivory ABS plastic. NiteLife has its own on/off switch 
plus photocell automatic on at dusk, off at dawn 
Control. Direct plug-in to household current. 3 year 
mfg. warranty. 90 guarantee. One unit protects 500 
sq. ft. Shipped FIRST CLASS MAIL. ONE for $25. 
lus $5 P&H. TWO for $50. plus $6 P&H. FOUR for 
$100, postpaid. Send check, М.О. VISA, MasterCard, 
Discover. Account number, Exp Date & Signature to: 
THE WILLOWS, Dept. UNL- 143 
179 Post Road West, Westport CT 06880 
Charge Orders Call: 1-800-770-1155 


Revolutionary “2-in-1” 


Takes the place of both your hand-held 

trimmer and steel-bladed mower! 
The DR* TRIMMER/MOWER™ 
rolls light as a feather on two ( 
BIG WHEELS! TRIMS far easier, 
better, more precisely than hand- 
held trimmers. Plus MOWS 
everything from whole lawns 
(even wet!) to tough, waist-high 
growth with ease! Rocks, roots, 
stumps, etc., do it no harm because 
the "DR*" has no steel blade to 
bend or dull. Perfect for ALL 
mowing and trimming around 
smaller properties, vacation 
homes, etc., or for fi 
mowing and 
trimming after 
riding mowers 
on larger раг- 
cels. A delight 
for anyone 

1 
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GSA # GSO7F-8718D 


Please mail this coupon today for FREE DETAILS; 
Tabout the Revolutionary DR" TRIMMER/MOWER™! 
including prices of Manual and Electric-Startingy 
1Models, “Off-Season” Savings now in effect, and 30-1 
{Day Risk-Free Trial. There is no obligation 
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OUTSMART 
THE 
WEATHER! 


With a SunSetter® Retractable 
Awning, you can choose full sun, 
partial shade or total protection 

from rain or sun. Opens and 
closes effortlessly in 30 seconds! 


Now get three times the use of your 
deck with the adjustable, affordable 
SunSetter Awning. It makes your deck 
or patio like an additional room on 
your house! Lets you enjoy your deck 
or patio rain or shine. Protects your 
family, guests and patio furniture from 
rain, harsh sun and harmful UV rays 
far better than a tippy patio umbrella. 
Adds to the beauty and value of your 
home. Expertly crafted in America for 
years of maintenance-free enjoyment. 


© 100% waterproof fabric. 

© Wide choice of available widths. 

@ Installs over any kind of siding. 
Retracts flat against the house. 

© No need to take it down in winter. 

© Superh quality - 5 year warranty. 

@ Interest-Free payment plans. 

© No-Risk Free Trial. 


SAVE WITH FACTORY- 


Write or call toll free for a 
FREE VIDEO 
and complete information 
1-800-876-8060 4j; 


7 days а week 
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JIL Industries, Dept.4677 
184 Charles Street, Malden, MA 02148 
FAX: 781-321-8650 
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| To advertise in Popular Science Direct call Liz Irving ог Gena Honigman at 1-800-445-2714 today. 


CABLE TV 
CONVERTERS & 


DESCRAMBLERS 
bell ЖЕ 


www.tkaelectronics.com g 
Friendy Service. А 
30 Day trial period. 
13 Month Warranty. 


FOR A FREE CATALOG OR TO PLACE YOUR ORDER CALL 


Crazy Dan's Price War 


we cut prices so low you won't believe itl 


САТ Boxes 


< Converters and Descramblers 
\= 18884294369 
та ent 
Nobody beats Dan the Cableman 


SAVE $100'S ~ 
EVEN $1000'S on premium 
CABLE TV EQUIPMENT. 


FREE Cable TV Catalog. | 
100% MONEY BACK GUARANTEE! [сты SS | 


COPY RENTAL TAPES WITH OUR 
à VIDEO STABILIZERS 
: aux 


CABLE TV CONVERTERS 
Save $1008 L&L ELECTRONICS INC. 


*All makes and models 
936 Betty Drive, Buffalo Grove, IL 60089 


1-800-542-9425 


Purchaser must agree to comply with any State and Federal laws 
regarding private ownership of cable TV equipment. 


GARAGES 
WORKSHOPS 


BUILD IT YOURSELF! 
34x48 -Value $13,800 


ном only $7, 059 


е 
Order Now for Immediate 
or Summer Delivery 
(PSVMIRACLE 711." 
1-800-663-0553 


pop 


CABLE TV 
КОШЕМЕТ 


vn m WILL 
МАТЕН OR BEAT 
} ANY ADVERTISED. 
OR WHOLESALE PRICE! 
SAVE $$$ - DON'T: RENT 


CALL FOR FREE CATALOG! 


RISK FREE 
30 DAY MONEY BACK 
GUARANTEE 
1YR. PARTS & LABOR 
Call АА Electronica Today! 


800-258-9512 


TOLL FREE 
(1-800-231-0793) 


HONEST PRICES | 
NEWEST DIGITAL EQUIPMENT 
five » ELECTR CX 


жжжжх 


No Florida Sales 


ГИ] 20 Day Trial 
FREE Product 
[3 1 Year Warranty 


= 1-1 8 888-554-2776 | 


FREE INFO 
Norwood Inc. 
90 Curturight Dr. 
Unit 3 
, Amberst, NY 14221 
"11-800-661-7746 
Ext. 101 


2 SEAT BIKE 


Drives Like a Car! 
Easy to Pedal 


1-615-822-2737 Ем. 5796 
www rhoadesinfo.com 


*Speciol Dealer Prices! *Compare our Low | 
Retail Prices! *Guaranteed Prices + Warranties! 


*Orders shipped immediately! C.O.D. 


http:// www.AAElectronics.com 


* WE'LL BEAT ANY PRICE * 


les. Dealers Wanted. 
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EQUIPME! SAVE 1000's 
1 pode e$ 1 


Link your TV-Descrambler-Computer into 
one system. Experience the possibilities of 
surfing the NET using your cable box remote, 
Financing Available, 

FREE Cable TV decoder included 
with every purchase. 


800-835-2330 
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FULL VIEW 
CABLE BOXES 


* VIDEO STABILIZERS -Removes videotape сору protection 
* TEST CHIPS, DEVICES, FILTERS AND ACCESSORIES 


with cable box purchase [£G $9.95] 
Anyone implying бей f service wil be denied ое 


N.S. INTERNATIONAL 
Simin 1-800-449-9189 


PIONEER STEEL 


LOWEST 
PRICES! 


BER | | FACTORY 
«| DIRECT! 


1-800-813-1358 


SAVE ON SELECT ЛУ 
te x56 50X116 

* Americas #1 Arch-Type Manufacturer 

+ 20 Year Warranty + Easy Financing Available ў 

* Easy Do-It-Yourself Construction 

* Free 16 Page Brochure 


Sreermasren. | 


BEST DEAL 
ELECTRONICS 


CAMPS/SCHOOLS 


For all the sea has to teach us. 
and all the fun in learning it. 
CO-ED 12-17 Years 
Marine Science, Labs, SCUBA, 
Snorkeling, Sailing, Boardsailing, 
Kayaking. Since 1966 we have 
explored the gulf and ocean marine 
environments. ACUPEDIED 


SEACAMP, Dept. P n 


1300 Big Pine Avenue 

Big Pine Key, FL 33043 

Call (305) 872-2331 um 
Visit: www.seacamp.org (Association, 


ALARM SYSTEMS 


WIRELESS DRIVEWAY ALARM 
A bell rings in your 
house anytime some- 
one walks or drives 
into your place. 
- Free Literature - 
DAKOTA ALERT, INC. 
Box 130, ELK POINT, SD 57025 
605-356-2772 


ALTERNATE ENERGY 
SAVERS 


BUILD SUN, WIND, WATER POWERED AP- 
PLIANCES! 30 Plans. Details. $3.00. MCOAA, 
3203 Bordero, 1000 Oaks, CA 91362 


Cabl 
Descramblers 


Converters * Filters * Accessories. 


30 doy нөө Ti - NO RISK 


ИЯ 


Prices starting 
as low as $99! 


Cal tor FREE brochure or 
send 479.05 85a for | 
BO rite ate vido 


CABLE TV DESCRAMBLERS 
Best Prices * Friendly Service 


Dealer’s Special 


Minimum Quantity: 10 Lot 
30 Day Free Trial * 1 Yr. Wrnty. 
AII Makes and Models Available 


40x 60 x 12 


Build Yourself And Save! 10.000 Sizes, А! Bot Together Al Steel 


AN Steel Buildings. Call Today For A Price Quote And A Brochure. 
HERITAGE BUILDING SYSTEMS 
800-643-5555 


www.metalbl 


dg.com 


CAD Build ItYourself 

DIGGER Backhoe Free 
Brochure 

Plans for models S-9ftdigging depth И 

Starting at $1000 to build 

Мо machining Car Towable 

S-pt hitch plans too 


ONG len Stairs 


i Spiral, Straight, and 
curved Stairs 

К ALL Sizes & Styles 

| | Steel, Wood, Aluminum 

Custom & Stock Kits 


Free Brochures & 

| Factory Assistance 
| | 1-800-431-2155 ext. PS38 
http:/www.mylen.com 


'opular 


Eme 


УЕ Dealers! 
OOs Welcome, 
ау Money Back Guarantee | 
price | 


| 


Call Ms £ast! 
beat any advertised 
Tri Cm Vinro 


1-800-842-9670 


FANTASTIC self running motors and gener- 
ators, FREE info. Energy Research, Box 1514, 
Jackson, CA 95642 


FREE HEAT from WASTE OIL 


‘Smoke and soot кее. Very inexpensive. Tested by EPA in 
Aasta, Used worldwide, Heat shops and other buildings 
gi Forge, boundry, and other uses. 

Send $5.00 (rehuntablo 


Dept 
Box 1148, Fort Benton, 


140,000 вто — MTS9442 


FREE ENERGY! Fuel-Less Motors and Gener- 
ators! H&A, R2EPS Bowling Green, MO 
63334-9350, 


NEW! BUILD AMAZING LIQUID PISTON EN- 
GINE from pipe fittings. Free information. ABCO, 
Box 306-53, Seminary, MS 39479 


SAVE UP TO 80% ON HEATING BILLS WITH 
А YUKON/EAGLE MULTIFUEL FURNACE 
Wood/oil, wood/gas, 
wood/electric 
whole house 
indoor warm air furnace. 
Eagle Furnace 
1000 Ад Science Drive 
Palisade, MN 56469 


or 1-800-358-0060 


NEW FREE ENERGY! Fuel-Less 350hp En- 
gines. Creative Sciences Box 557 New Albany, 
IN47150 


ASTRONAUTICS 


200+ Unconventional Technologies: Anti-G, 
Free Energy! Amazing Archives Catalog! Send 
$2: Rexco, P.O. Box 19250, Jean, NV 89019 


AUDIO/BOOKS 


FREE SCIENCE AUDIOTAPE!! 
Audiomagazines compiled from Popular Sci- 
ence, Discover, NYTimes & more. 1-888-GET- 
АТАРЕ 


AUDIO/VIDEO EQUIPMENT 


LOUDSPEAKER REPAIR? Call Simply 
Speakers, 1-888-FOAMROT for free info. (Toll 
free- 24 hours.) 


AUDIO/VIDEO EQUIPMENT 
REPAIR FOAM ROT | = 


ze 


AUTO SUPPLIES & 
EQUIPMENT 


AMSOIL Synthetic Lubricants and Filtration 
Products. Buy Direct. Free Catalog. Call 
804-530-1400. 


BLIZZARD BLADE, patented heated windshield 
wiper system 14"-22" $39.95 increase visability 
1-888-hotblade 


Photo Radar Defeater $99 
Laser Defeater $129 
sRInc. 800-324-7745 visalMC 


www.srelectronics.com. Free Shipping 


AVIATION 
World's 
ро МЕНСОРТЕВ, 
ч 


ү Foreign add $6) 


(Caos они; $10) 
Fallston, MD 21047) 


VORTECH, inc. + PO Box 511. 


Airboats. Hovercraft Plans. Propellers, Airdrives, 
Engines. Catalog $5.00. Arrowprop, 610P, 
Meeker, OK 74855 


POWERED PARACHUTE NEWSLETTER. 
Large classified section. $20.00 annual sub- 
scription 4 Issues. Visa/MC accepted. Portland 
Powerchutes Inc. 28621 SE Woods Rd. Eagle 
Creek, Oregon 97022 1-800-457-4310 


Со 

ONLY $24.95 

plus $3 pih — $6 foreign | 
Order rom: Windspire 

Box 145 + Dept S 

Lona Green. МО 21092 


104 
шок 


Build your о 
"Uses eget 


кат ША 
Moin the Popular Rotorcraft Associati 
Get a foll year 
of Rotorcraft magazine. 


Ssoyeerin USA Бы 


Mal, phone or fax to: 
PRA. D O. Bor ВА Mentone, iN $0539 
Phoneitas бүз ө 


т Canada. 
$4 Eisewher 


UTOMOBILES 


Guaranteed Never To Jack knife? 


GOVERNMENT SEIZED Vehicles from $100. 
Fords, Mercedes, Chevys, Corvettes, Surplus. 
Buyers Guide. 1-800-513-4343 Ext. S-20025 


SEIZED CARS from $175. Porsches, Cadillacs, 
Chevys, BMW's, Corvettes. Also Jeeps, 4WD's. 
Your Area. Toll Free 1-800-218-9000 Ext. 
А-6586 for current listings. 


SEIZED CARS $150. Honda, Acura, BMW, 
Porsche, Jaguar, Motorcycles, Trucks, 4x4's, 
Watercraft. Local sales. 1-800-883-0819, ext 
A-1350 


VAPOR CARBURETOR TRIPLES MPG. Free 
information. H&A, R2PS Bowling Green, MO 
63334-9350. 


BEER/WINEMAKING 


BREWERS! Outstanding products since 1979. 
Free William's catalog, call 800-759-6025 any- 
time. www.wiliamsbrewing.com. 


FREE CATALOG. Brew Quality Beer Yourself 
Easily. Call WindRiver Brewing: 1-800-266-4677 
Anytime. 


Homebrewers, FREE CATALOG. Great Begin- 
ner kits. Brewery, Box 14712, Minneapolis, MN 
55413. 800-234-0685. 


WINEMAKERS - BEERMAKERS. Free Illus- 
trated Catalog. Since 1967. 1-800-841-7404. 
KRAUS, Box 7850-N, Independence, MO 
64054. 


BETTER HEALTH 


Waterwise Purifiers... homemade distilled. 
(800) 874-9028. Box 45981, Center Hill, FL 
33514-0459 


BOATS & EQUIPMENT 


BOAT KITS -- PLANS ~ PATTERNS -- SUP- 
PLIES — All Boat Types, Sizes. HUGE CATA- 
LOG - $5.00. CLARKCRAFT, 16-7 Aqualane, 
Tonawanda, NY 14150. (716)873-2640 
www.clarkcraft.com 


BOAT PLANS- PATTERNS- KITS- 176 page 
CATALOG- $5.00. GLEN-L, Box 1804/PS8, 
9152 Rosecrans, Bellflower, CA 90707-1804. 
562-630-6258. www.glen-l.com 


Electronic Fishing Lure attach to your boat, 
uses 12 volts, Fish Rustler, 1415 11th Ave., 
Altoona, Pa. 16601 USA Fax 814-942-3436 


BOOKS/PUBLICATIONS 


BIOLOGICAL WEAPONS INFORMATION 
Book covering their characteristics, toxicology, 
symptoms, first- aid, neutralization and de- 
contamination. Send $8.95 to: С2С Lab- 
oratories, Р.О. Box 992, Creswell OR 97426 


BUSINESS OPPORTUNITIES 


$1,000 weekly stuffing envelopes. Receive 
$2.00 each. Rush stamped addressed enve- 
lope. Colossal Box 040215-PS, Brooklyn, NY 
11204. 


$15,000 MONTHLY PERFECT PART TIME 
BUSINESS FREE INFORMATION 
‘800-455-8809 Extension 103 


$1,500/ THOUSAND Immediately. Stuffing E 
velopes. Free Supplies. Send S.A.S. 
Enterprises, Dept. PS3, 114-1027 Davie шее, 
Vancouver, '6E 412. 


$1800 WEEKLY RECORDING VIDEOTAPES 
At Home. No Copyright Violation. Free Startup 
Information. CMS Video, 210 Loma Square, 
#163PSF, Birmingham, AL 35216 


* An Automotive Trailer 
Custom Designed To 
Meet Your Needs. 


* Works with your hitch 


Smart Trailers, Inc., 
РО. Box 880 
Highland City, FL 33846 


BUSINESS OPPORTUNITIES 


#1 MONEY MAKER Spare Time! No selling! No 
inventory! Publicly documented seven week 
$19,919 income! Free audio cassette and Re- 
port reveal everything. Real Money, 333-PS38, 
SW 5th Street, Grants Pass, OR 97526. 


$65,000 YEARLY INSTALLING TELE- 
PHONES, JACKS, WIRING. NEW BOOK 
SHOWS HOW. FREE DETAILS. PHONES BOX 
1648 CEDAR RIDGE, CA 95924 


BE A LOCKSMITH. Big money spare time or full 
time in your own business. Learn at your own 
pace in your own home. Call now for Free 
information. Foley-Belsaw 1-800-487-2100 
Ext.13068 


Deregulation of Electric Utilities creates $215 
Billion Frenzy. Distributors needed. Free In- 
800-311-9006 


FAMOUS MAILORDER MILLIONAIRE reveals 
money-making secrets! Free exciting cassette. 
Melvyn Powers, 12015 Sherman Rd. North 
Hollywood, CA 91605. 
http:/www.mpowers.com 


GET PAID $268.20/ Roll Taking Easy Snap- 
shots! Film Supplied. Phototek, Box 3706-PS, 
Idyllwild, CA 92549. 909-659-9757 


GREAT COMMISSION showing friends, 
neighbors DISH Network mini-satellite systems. 
$350 investment. Not MLM. (806)794-7549 


HYDRAULIC JACK REPAIR MANUAL AND 
CATALOG $10.00. HYDRAULIC PARTS SUP- 
PLY, BOX 4157, BROWNSVILLE, TX 
78523-4157. 


MAKE A FORTUNE IN MLM Free Report shows. 
you how. Call now! 1-800-656-6397 ext497. 
www.prostepinc.com 


EARN $60,000 YEARLY 


Repairing (not replacing) stone dam- 
aged windshields and plate glass. 
Leam how a 3 minute repair can earn 


you $1200/week! 


CALL NOW! 


1-800-695-6224| 
FREE REPORT! В 


NVS/OPTIKLEER, LYNN, MASS. 01904 Н 


MANUFACTURE GIANT 6’ PROJECTION 
TVs- HUGE PROFITS!!! SONY QUALITY!!! 
SIMPLE!!! CATALOG $1.00. POLI-VISION 
187-PS CYPRESS, THROOP, PA 18512. 
(717)489-3292. 


MONEY MAKING MACHINE. Curbmate ma- 
Chine installs beautiful concrete lawn edging. 
Amazing profits. 801-262-7509. 


OWN a home based business! $1285 cost. 
Proven six figure ($100,00+) IMMEDIATE IN- 
COME: RECORDING: 800-322-6169. 

5323 


Reclaim “Scrap Gold" From Old Computers/ 
Jewelry. Free Information. 24 Hours: 
(603)645-4776. 


BUSINESS OPPORTUNITIES 


WE BUY newspaper clippings. $781.23 weekly. 
Send envelope. Edwards, Box 
467159PP, Atlanta, GA 31146. 


REPAIR CRACKED WINDSHIELDS 


Earn $90,000 Yearly Repairing 
-not replacing- 
Large Cracks in Windshields 


CALL 1-800-826-8523 
or write The Glass Mechanix Inc. 


http://www.the-glass-mechanix.com. 
|4555 NW 103rd Ave. * Ft. Lauderdale, FL 33351 


BUY IT WHOLESALE 


39,457 Products, Factory Direct... TAIWAN, 
HKONG, MEXICO! Save 500-900%... Echo, 
Box 739-C38, Shalimar, FL 32579-0739. 


FAMOUS NAME REPLICA WATCHES. Amaz- 
ing Re-creations. Excellent Quality. Free 
Wholesale Brochure. 1-800-553-4334. 


FREE 1998 600,000 ITEMS, Wholesale Direc- 
tory (LSASE) TNT, Box 2614P, Big River, CA 
92242 


CABLE EQUIPMENT 


BEST КЕРТ SECRET- INCREDIBLE 
Wholesale Prices on Descramblers. CALL BUY- 
ER'S ASSOCIATES, 1-800-889-5139. 


BIG SALE!! Notch Filters $18.00. E-Z instal) 
test activation chips/ boards from $5.00. 
Bullet/ ID Stoppers $9.95. Name brand des- 
cramblers from $139. External activators from 
$65. DEALERS WELCOME. LET US BEAT 
YOUR BEST PRICE. 1-800-449-9189 ANY- 
TIME. SE HABLA ESPANOL 


BUY IT WHOLESALE & SAVE BIG$$$ 
ORIGINAL RFT-DAM & RFT-PLUS NEW 
AUTOMODE RFT-PLUS WORKS!! BEST 
QUALITY- NO CHEAP CLONES 888-387-1248 
www.adealdu.com 


DESCRAMBLER KIT 


$14.95 


WHY PAY HUNDREDS MORE? 
1-800-752-1389 
(24 HOURS) 


CABLE BULLET “TERMINATOR/ 1.0. 
BUSTER.” Electronically shields yourself and 
your box. LIFETIME GUARANTEE. Wholesale 
Prices. 1-800-820-9024. 


CABLE BULLET SNOOPER GUARANTEED 
TO PROTECT ALL YOUR CABLE 
EQUIPMENT OR YOUR MONEY BACK. 
1-800-854-1674, 


CABLE EQUIPMENT 


CABLE DESCRAMBLER!! ANYONE CAN 
BUILD in SEVEN STEPS with RADIO SHACK 
PARTS. PLANS/ KIT from $5.00 plus ти 
BONUS!! 1-800-818-9103. 


CABLE DESCRAMBLERS. MAJOR BRANDS. 


LOWEST PRICES AROUND! PRECISION 
ELECTRONICS, HOUSTON TX 
1-888-691-4610 ANYTIME 


Cable test chips; Pioneer; Jerrold universa 
mode; Scientific Atlanta; Tocom; Zenith; Pionees 
Cubes; Jerrold RFT for CFT2200; Tools; CHIPS 
&BITS, 1-800-577-5617 —— __., 


MANUFACTU RESE 
Quickboards — *Seemor. 
* BOSS Boards *Рю+ 
* Stealth Boards 
#1. Brokers Of Electronic 
COMPONENTS!!! 


TOLL FREE (800)637 -9936 
Wl We Do Not Sell Converters!!! Will 


CABLE TEST MODULES AND EXTERNAL 
DIAGNOSTIC ACTIVATORS. Available for al 
makes and models. In house software devel- 
opment and always the latest technology with 
tech support and the lowest quantity pricing in 


the industry. Са: National Testing 
1-800-655-4449. Anyone implying theft of ser- 
vice will be denied. [ 


CABLE T.V. CONVERTERS AND DESCRAM- 
BLERS. WHY RENT? CALL BASIC ELECTRI- 
CAL SUPPLY. 1-800-577-8775 


Cable T.V. Converter Accessories. Quality 
Prices. Satisfaction Guaranteed. COD/ Visa 
MC/ Amex. 1-800-259-1187 Eagle Electronic 
Inc. 

* 
CABLE TV DESCRAMBLERS. CLIFFORD 
ELECTRONICS. CALL NOW TOLL FREE: 
888-298-0200 


CABLE TV EQUIPMENT & ACCESSORIES 
Wholesalers Welcome! 30 Day Moneyback 
Guarantee! Free Catalog! PROFORMANCE 
ELECTRONICS, INC. 1-800-815-1512. 


LOADS FULL ACTIVATION OF CABLE CONVERTER 


WE STOCK A COMPLETE LINE OF CHIPS,TOOLS, WIRELESS QUICK INSTALL TEST 
BOARDS AND DIAGNOSTIC TRANSMITTERS. WHOLESALE PRICES-DEALERS WANTED] 
ANYONE IMPLYING ILLEGAL USE WILL BE DENIED SALE. WE SELL PRODUCT *** 
ONLY!! TO QUALIFIED BENCH TECHNICIANS OR CABLE REPAIR FACILITIES!! 
“LOWEST PRICE & SUPERIOR PRODUCT GUAR, BUY 5 TEST BOARDS & GET 1 FREE 
MONDAY- FRIDAY 8AM-7PM, SAT 10AM - 2PM EST. HTTP://WWW.800-GOCABLE.COM 


[ESTABLISHED 1976 


MARCH 1998 


CABLE EQUIPMENT 


CABLE DESCRAMBLERS & TEST CHIPS. All 

"models... lowest prices. Available overnight. 
Chipsmart, 1-800-208-2638/ TECH. 
954-792-7012 


DESCRAMBLERS, CONVERTERS. ALL OP- 
TIONS EXPLAINED. BEST PRICES, SER- 
VICE, WARRANTY, FREE CATALOG. 
1-800-854-1674. 


DESCRAMBLERS.. CONFUSED? We'll Ex- 
‘plain All Your Options. All Models Available. 
Quality Service. Open 6 days, Mon-Sat, 9:00am 
-8:00pm.  SUNSTATE — ENGINEERING, 


1-800-717-1575 


MULTI-MODE 


RFT/TMG 
$70.00/ 101or 


* 30 Day Trial * 1 Year Warranty * 

(314) 569-4027 

WORKS ON ALL JERROLD SYSTEMS 
erre 


FREE TV CABLE CATALOG PRODUCTS & 
PRICING ON REVOLUTIONARY FULL VIEW- 
BOXES WITH DEALERSHIP 


'NEWEST AUTOMATIC MULT-MODE. "DES- 
CRAMBLES CABLE PERMANENTLY!” YEAR. 
GUARANTEE.. 1-888-331-1107. FREE IN- 
FORMATION... 1-718-257-5430 


PUZZLED ABOUT DESCRAMBLERS? WE'LL 
EXPLAIN ALL YOUR OPTIONS. WHOLESALE/ 
RETAIL. OPEN 6DAYS. BEST TECH SUP- 
"PORT &FRIENDLY SERVICE. TOLL FREE 
1-888-238-0967. ROYAL ENGINEERING INC. 


SKYVISION! Your Satelite Home Entertain- 
ment Source. Best values: DBS and C/Ku- 
band equipment, including 4DTV. Most com- 
plete selection: Pars- Tools -Upgrades 
Accessories! Free Discount Buyers Guide. 
Call 800-543-3025. International 218-739-5231 
www.skyvision.com 


STOP HERE... WE'LL SHOW YOU THE BEST 

OPTION IN DESCRAMBLERS. ALL MODELS. 
"CALL FOR FRIENDLY SERVICE & LOW 
PRICES. OPEN 9-8 MON. - SAT. GATOR 
ELECTRONICS 1-800-238-0118. 


* Your Descrambler Connection + 
Free 1 Year Warranty e Free 30 Day Trial 


Equipment Set Up Tech Line 


TECH SUPPORT ELECTRONICS 
1-888-273-1349. Basic cable TV converters, 
«personal security equipment. Money- back guar. 
Free catalog, 

TEST CUBE for Jerrold, Pioneer and Scientific 
Atlanta CFT 2200, multi- mode no problem 
LOWEST PRICES 1-888-599-8612 


CABLE CONVERTERS/DESCRAMBLERS 


*Tocom™ * Jerrold"" * Scientific Atlanto™ * Pioneer™ 
"| "WE SERVICE PRIVATELY OWNED CABLE CONVERTERS” 
(219) 935-4128 
Sorry, no IN, NY, or NJ Sales 


NATIONAL CABLE BROKERS 


1801 М. Jefferson St., Plymouth, IN 46563 


TRI CITY VIDEO IS NOW SELLING 
CONVERTERS/ EQUIPMENT DIRECT AT 
WHOLESALE PRICES. 1-888-51-CABLE. 


MARCH 1998 


CATALOGS 


= 
ADVANCED SCIENCES 

"25th Century Technology Today” 

Time Travel - Invisibility - Levitation - Ra- 
dionics - Mind Power Devices - Hidden 


Technology - Courses - Hundreds of Prod- 


utsi! Catalogue $4.00 


P.O. Box 2917-P, Palm Springs, CA 92263 
Phone (619) 327-7355, Vs.Mc,Amex 


CELLULAR TELEPHONES 


CELLULAR EXTENTIONS, 2 PHONES 1 NUM- 
BER, FLIP PHONE DPC- 550 - BAGPHONE 
WITH ACCESSORIES $149. DETAILS, CATA- 
LOG 702-642-0325 OR WEB: 
http://www.lessbusters.com 


WORLD WIDE WEB 


Your business on Internet $10/ month. No 
computer or computer skills needed. Send two 
page description, annual $120. More informa- 
tion: CyberTex- Р.О. Box 852- Colorado City, TX 
79512. 


CONTACT LENSES 


CONTACT LENSES. Absolute lowest prices on 
your contact lenses. Guaranteed. Call 1-800- 
CONTACTS. 


DO-IT-YOURSELF 


BUGGED? PHONE TAPPED? FREE Catalog 
of Counter-Surveillance Equipment tells you 
Fast! (800) 732-5000 


UNUSUAL PUBLICATIONS! Strange stufi! 
Weird plans! FREE catalog 185+ amazing pub- 
lications! Electromart, Box 4-P, Carthage, TX 
75633-0004. 


y? 


MAZING % 


ELECTRONIC DEVICES 


1 YEAR WARRANTEE 


BATTERIES INCLUDED #077, 


LAPNAS Brightest.. Уоту equ 3000 ft. 
TAPN6SS Smollesi and Lowest Cos! (plastic), 


Ка CYBERNETIC ЕАК! 


Great Safely Aid For Home, Shop or Lab. 
Detects Mechanical Abnomalies, Leaking 
Gases, Propane Tonks. Corona efc N 
CYBEREAR Ready to use... $19.95 У 
TURBOEAR Personal ampitier tor YY 
both ears with voice fiter... $19.95 4 


Aim at Window ar 


Ind Liste 
‘Sounds From Reflected Light е 


1485 Piars- Creditabie fo hdlwre pu $2000 
LWBSK Kit/Plors- Includes wong lover... $149.50 
1WB50 Ready to Use- Requires Alonmeni — $199.50 


ELECTRONIC HYPNOSIS 
AND MIND CONTROL 


Generates Highy Effective. 
‘Audible and Vauai Stenu With 
Bo-Feedback That Can induce. 


ИЯ 
$49.50 
479.80 


‘ond Pion 
 MIND2O/SYNCRIO Ready to Use (req minor шу). 


INFORMATION UNLIMITED 


PO BOK 716 AMHERST NH USA 03031 
ORDERS ONLY...24 HRS....1 800 221 1705 
TECH LINE..9 to 12 EST......1 603 673 4730 


FAX IT UINE........24 HRS....1 603 672 5406 


We Accept Cash, МО, CHECK, 
Overseas Customers Please Add 


MC, VISA 
Shipping. 


DO-IT-YOURSELF 


ве 
RV's, Motorcycies, Pools, Machinery. & 
пасе аа А 
| 


Covers 55! to 20 years. 
from 5' to 60'w, up to 30'h, 
Any Length 
Galvanged Steel 
Durable Cover & Zipper Door 
ісе, Rain, High , 
Winds, Sun, Sap & Heavy Snow! — 
Assembly & Anchonna. 
SHIPPED TO YOUR DOOR! 
DEALERS WANTED! 
Ask lor Deta 


INSTANT GARAGES 
LISTEN TO CORDLESS PHONES, CELLU- 
LAR & More. Modified hand-held scanner re- 
ceives all. Frequency List included $179.00. 30 


day trial. 6 month warranty. MC/ VISA’ COD. 
(314)569-1860. Confidential- or Trunktracker 
$259.00 


TELEPHONE LISTENING DEVICE 


W/12 HR. RECORDER 
Automatically record all 


Telephone Listening Device 
519.95+52 00 sh (separate 


and 
‘Cal 407-725-1000. СООЗ OK 


USI CORP 
РО. Box PS2052 Melbourne, FL 32902 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 
Do it yourself REFILL IT 


it's easy SAVE OVER 75% [^ 
poem 
ШШШ" аат" 


МОВА MM 
INCORPORATED Order or information 


(Tub 59805 
Ж FAX ти) 59890 


SURVEILLANCE HIDDEN CAMERAS 
DIRECT FROM MANUFACTURER-BEST PRICE IN THE MARKET 
[XLI и бопе зом or 
‘moon eect. A or Сах Wee vw ange. Low 


Se" (00 Check. Money Or or Ven 
BOLIDE INTERNATIONAL CORPORATION 
PH: (800) 355-0895 or (818) 575-8178 

5660 Flair Drive 4318. El Monte, СА 


CASINO RESEARCH TEAM discovers abso- 
lutely proven system. Verifiable $600+ daily. 
Literature: 1-800-341-5446 


2 YEAR WARRANTY 
30 DAY MONEY BACK GUARANTEED!" 


[ 


ү FREE! 
2 or 90 Days > 
у; "A 
eg X 
з. accumutaTeD snow [RS Easy Roll-Up Door КИ" 


EDUCATION & INSTRUCTI 


ACCREDITED B.S AND M.S. IN COMPUTER 
SCIENCE THROUGH DISTANCE EDUCA- 
TION. Object oriented B.S. program. New 
courses in Java, Networking, HTML, MIS. Free 
cat. 1-800-767-2427, http://www.aics.edu 

AMERICAN INSTITUTE FOR COMPUTER SCI- 


COLUMBIA SOUTHERN UNIVERSITY. Ac- 
credited External BS/MS/PhD. Programs, Credit 
Life Experience. Free Catalog 1-800-977-8449, 
x502 


LEARN BOOKKEEPING & ACCOUNTING. 
LEARN APPRAISAL. LEARN HOME INSPEC- 
TION. LEARN HOME INSPECTION. LEARN 
PROFESSIONAL OFFICE MANAGEMENT. 
QUICK & EASY! COLLEGE LEVEL HOME 
STUDY COURSES. LOWEST PRICE GUAR- 
ANTEED. ALLIED SCHOOLS, LAGUNA HILLS, 
CA 82653. 1-800-542-5543. Ext. ENT 

www alliedschool 


PARALEGAL GRADED CURRICULUM. Ap- 
proved Home Study. Affordable and Compre- 
hensive. 100 years of legal training. Free catalog 
(800-826-9228) Blackstone School of Law, P.O. 
Box 701449, Department PS, Dallas, TX 75370. 


Ph.D's $179.00, М. 
FOR FREE 
1-800-689-5102 
http://www.americancollege.com. 


"s $139.75, B.A.'s $99.75, 
INFORMATION, САШ. 


PRIVATE INVESTIGATOR HOME TRAINING 
SINCE 1973. EFFECTIVE, INEXPENSIVE. 
FREE INFORMATION 1-888-337-8839. GLO- 
BAL, BOX 323, LEEDS, MA 01053 


UNIVERSITY DEGREES. WITHOUT 
CLASSES. Bachelor's, Master's, Doctorate. Ac- 
credited, inexpensive, convenient. FREE bro- 
chure. Bears’ Guide, 6923-PS Stockton Ave., El 
Cerrito, CA 94530. 800-835-8535. 
http://www.degree.net 


EDUCATION & INSTRUCTION 


YOU CAN UNDERSTAND ECONOMICS. 
Home study course sheds light on todays 
baffling problems. Tuition-free; small charge for 
materials. Henry George Institute, 121 East 30th 
Street, New York, NY 10016. (www.henrygeor- 
ge.org) 


GET A COLLEGE 
DEGREE IN 27 Days 


BS/ MS/ MBA/ PhD., etc. 
Including graduation ring, transcript, 


diploma. Ye real, legal, 
guaranteed and accredited. 


Columbia State University 
1-800-689-8647 zw 


EMPLOYMENT 
INFORMATION 


$329.84 Weekly Assembling Our Products At 
Home. Toll Free 1-800-460-WABC, Ext.1292 
(Message). 


EASY WORK! EXCELLENT PAY! ASSEMBLE 
PRODUCTS AT HOME. TOLL FREE 
1-800-467-5566, EXT. 8068. 


HELP WANTED 


EARN MONEY. Reading books! $30,000 / yr 
income potential. Details. 1-800-513-4343 Ext, 
Ү-20025. 


GREAT EXTRA INCOME IDEA! ASSEMBLE 
PRODUCTS AT HOME! INFORMATION CALL, 
1-800-377-6000 


HOME TYPISTS, PC users needed, $45,000 
income potential, Call 1-800-513-4343, Ext. 
В-20025. 


HOME TYPIST WANTED, $45,000/ yr. poten- 
tial, Typist and PC users call 1-800-883-0819, 
136 for details. 


FINANCIA 


BAD CREDIT? RESTORE CREDIT RATING 
YOURSELF! COMPLETE KIT. FREE INFOR- 
MATION. CALL 1-800-299-HELP. 


FREE CASH GRANTS! College. Scholarships. 
Business, Medical bills. Never Repay. Toll Free 


400-218-9000 Ext, G-6586. 


FREE CASH GRANTS -Never Repay! Milions 
available trom foundations for Business, Medi- 
cal, Debt Consolidation, Education. Call for free 
information: 1-800-418-9941 


Patent Your Invention 


» Free inventor consultation 


>» Patent searches & applications 


> Marketing & licensing 
(800) 689-6223 


WORK DIRECTLY WITH 
REGISTERED PATENT ATTORNEY 
& DEGREED ENGINEER 
36 YRS COMBINED ENGINEERING & 
PATENT EXPERIENCE 
U.S. & FOREIGN PATENTS 
PATENT AND DEVELOP IDEAS WITH 
THE EXPERIENCE OF AN EXPERT. 
FREE 228 PAGE BROCHURE. 
CONFIDENTIAL ADVICE AND FORMS. 
INTRODUCTION TO INDUSTRY, 
MARKETING PLANS, OFFSHORE 
PRODUCTION & PROTOTYPES 
Also Specializing in Copyrights & Trademarks 
Associates located near Patent Office 
CREDIT CARDS ACCEPTED + OPEN 24 HOURS 


MICHAEL І. KROLL 
REGISTERED PATENT ATTORNEY 


US PATENT REGISTRATION $26,755 
171 STILLWELL LA., SYOSSET, NY 11791 


TOLL FREE US/CANADA 800-367-7774 
Toll Free FAX - US & Canada 800-367-7773 
International Phone/Fax 516-692-2795 | 
Internet-http:// invention.com 
E-Mail: patent @ invention.com 


DEAL DIRECTLY WITH REGISTERED PAT- 
ENT AGENT and qualified U.S. Patent Office 
Examiner. DON'T BE FOOLED BY PHONIES. 
Free patent information- "Patent, Develop, Mar- 
ket Your Invention." Richard L. Miller, 12 Park- 
side Drive, Suite-N, Dix Hills, NY 11746-4879. 
(516)499-4343, 1-800-242-9853, 
HTTP://WWW.INVENTGOLD.COM 


DON'T BE FOOLED! CALL OUR INVENTORS 
CLUB 24 HOURS FOR INFORMATION. 
1-800-466-1793 


FOR A FREE INFORMATION PACKAGE on 
our new product development services, call 
1-800-677-6382. 


FREE MONEY. NEVER REPAY GRANTS FOR 
ANY PURPOSE. FREE INFORMATION PACK- 
АСЕ. 1-818-377-5229. 


MAXED OUT CREDIT CARDS? Reduce pay- 
ments and interest. NO FEE, Fast- EZ- Con- 
fidential. Genus Nonprofit. 1-888-Genus21 toll- 
free. 1014 


MONEY AVAILABLE NOW! Let the Government 
Finance your business idea. Satisfaction Guar- 
anteed! 1-800-226-3601, ext. BF6050 


OVERDUE BILLS? 1-800-788-1141. Bad cred- 
it's no problem! Licensed/Bonded since 1977. 
Applications to $50,000. Not loan company. 
Town & Country Acceptance. 


Money to Loan!! 
Any Purpose! 


Fast Results! 
1-800-565-4192 


FOR INVENTORS 


BORSARI & Associates, provides professional 
patent and trademark services. For our in- 
ventor's package, call 800-225-2462. 


Have a Bright Idea? 


Now OWN IT for only $129 


Created By Gene Scott, Registered Patent Agent 
and Founder/Chairman of INVENTORS FORUM 


* Provides “patent 
pending” status 

* Easy, quick to do 

* Avoids attorney fees 

* Filing fee only $75 


Do-It-Yourself ACTION КІТ“ 

Provisional Patent Application 

(Congress' June*95 simplified applic 

Ка св. Video, Workbook, Examples and Forms 
Patent Law К Venture Group 

1-800-7-4-РАТЕМТ * 1-800-747-2836 


FREE help for inventors! No charge for protec- 
tion forms and information kit. Affiliated In- 
ventors Foundation. 1-800-525-5885 


FREE MARKETING. Help available. Engi- 
neered prototyping. PATENT PENDING, thirty 
days GUARANTEED. 1-800-841-1708. 


Got a Great idea? You need INVENTOR'S 
DIGEST! Answers ALL your questions! $22/ yr. 
1-800-838-8808 


Inventions/ new products. ISC, America's 
leading invention firm, helps submit to com- 
panies. Patent Services. 1-800-288-IDEA. 


Identity 


Research 


THE | i А 


www.idresearch.com 


INVENTORS. *URGENT MESSAGE* FROM 
WASHINGTON D.C. 24hr recording. Toll Free 
800-211-0893. Request packet 12. 


INVENTORS - NEVER SEND IDEAS TO 
STRANGERS! LEARN AFFORDABLE 
PROTECTION/ MARKETING METHOD- NON- 
PROFIT ORGANIZATION. FREE INFORMA- 
TION: 1-800-846-3228. 


PATENT APPLICATIONS from $495 (Design), 
$750 (Utility). Free estimates, prompt service. 
800-548-3721 


REGISTERED PATENT ATTORNEY. Former 
patent examiner. 31 years experience. Donald 
Kettlestrings. 1-800-966-7577. 


GIVE YOUR INVENTION A CHANCE!! 
Do you need a patent search? Do you need a patent 
application? Do you need industry presentation for 
licensing? Do you want free information on your inven- 
tion's market? Do you want personal, friendly service? 
Do you want experienced people handling your invention? 
Do you want Affordable Quality” and з company with 
integrity? CALL FOR FREE INFORMATION. 


THE FRANKLIN FORGE 1-800-501-2252 


S.E.L.L. YOUR IDEA..... Free info. on Patents, 
Licensing, Marketing, based on 25 yrs Exp. 
Harshaw Research 800-451-1326 


YOUR ADDRESS TO THE WORLD 
www.backyardidea: 


FRANCHISES 


Franchise 
your business?! 


Call for information on franchising and 


throughout ti 


francorr’ 


Soucimista in Franchise Development POPS 


1-800-FRANCHISE (1-800-372-5244) 


HAIR CARE 


RESTORE HAIR thickness, get rid of gray. 
100% natural product. Long SASE: BRP/PS 
4879 Pasadena Avenue, Sacramento, CA 
95841 


HEARING AIDS 


FREE CATALOG! 
New Hearing Aids 


MINI CANAL et 


ВТЕ 
ө 45 Day Trial eHuge Savings 
TRY BEFORE YOU BUY! 
1-800-320-3300 EXT R31 
Write: RHODES HEARING; 
201R31 Ohlo St., 
Brookport, IL 62910 


| 


| | FREE COLOR CATALOG 


HEARING AIDS 


HEARING AIDS- FREE CATALOG. Top пате 
brands, all styles, POWERFUL CUSTOM AIDS? 
REPAIR SERVICE. SAVE 1/2 or more. Роме! 
Hearing, Box 31, Alpine NY 14805 
1-800-260-4135. 


Hearing Aids. Deal Direct, save hundreds, 
free trial. 1-800-641-4327. True Sound. FREE) 
Info. 


HEARING AIDS- GUARANTEED LOWES’ 
PRICES! No huge commissions. Home trial, 
terms. All makes. We're the oldest, biggest 
best. Custom instrument specialists. Free in-| 
formation,(800) 323-1212. Lloyds - PSC. 


HOME AUTOMATION 


Make Your Home Smart. DIY automated con: 
trol of your home. Touchscreens, X10 switches 
Audio/Video control, security & surveillance, 
HVAC. 10005 of products, Free 128 page colo 
catalog — B00-SMARTHOME. — www.smar. 
thome.com 


INVENTIONS WANTED 


HONG KONG factory need several new pro 
ducts for their oversea buyers. Send produci 
ideas for royalty evaluation. Can produce exclue 
sively. Hong Kong Plastic Metal Products Com- 
pany, Box 69627, Kwuntong, Hong Kong 


INVENTORS: Apply for a Patent. Free informa-| 
tion kit, 800-846-8368. 


UNPATENTED INVENTIONS Sponsor; 
Needed, Prototypes: Exercise, Medical, Camp: 
ing. Truck Safety, Tools. 1-800-208-4535 


KITES 


BOOMERANGS! HIP-TECH DESIGNS. Amaz- 
ing Retums. FREE Catalog. BoomerangMan, 
1806-2 N. 3rd, Monroe, LA 71201-4222. bman- 
rich@iamerica.net 


rKITES V 


Choose from over 200 kites. 

Many unusual & innovative designs. 
[| Саи or write for your catalog today! 
1 Into The Wind e 1800) 54-034 | 


1408-P Pear! St., Boulder, CO 80302 
LÁ —— — — — | 


MAGIC/NOVELTIES 


PROFESSIONAL MAGIC! Huge Catalog, ove, 
1,000 Tricks and Books. $6.00, Hank Lee's 
Magic Factory, Dept. PS2, 127 South Street, 
Boston, Massachusetts 02111 


MISCELLANEOUS 


MEN’S WIDE SHOES 


EEE-EEEEEE, SIZES 5-13 
FREE catalog * High quality • 160 styles 


HITCHCOCK SHOES, INC. 
Dept. 46С Hingham, МА 02043 
1-800-992-WIDE  wwwW.wideshoes.com 


MONEYMAKING 
OPPORTUNITIES 


CRAPS! Amazing, revolutionary system. Thou: 
sands of satisfied customers. Free recorded 


| information. 1-800-217-7711 


MARCH 1 


MOTORCYCLES/BICYCLES 


DIMENSION EDGE BICYCLE ENGINES: Auxi- 
агу Power Supply Fits Bicycles, Recumbents, 
[Fold-ups, Easily. Aluminized System Out- 

powers, Outclimbs, Outpaces Competitors. Free 
Brochure, 406-652-6766 


NEW PRO 


Ts 


Build It Yourselt 
Front End 
Loader 


CAD 


LOADER 


606, Dept $  Daievil VA 24083 + 1-800-817-8267 


OF INTEREST TO ALL 


GROW TALLER! FREE REPORT. SHARP 
PLABS , 100 New State Ному, Raynham, MA 
02167 


SELL YOUR MORTGAGE! Private investor 
buys notes. 24 hour recorded message 
1-800-378-5173. 


PLANS/KITS/BLUEPRINTS 
Dome Homes - Pre-cut kits - Superinsulated - 


[Dome Tour Video Natural Spaces 
1-800-733-7107. 


*TUBE BOAT PLANS, seats two people, fun to 
build, fun to use. Send $25.00 to: TUBE BOAT, 
| Р.ОВ. 109, Enon, OH 45387 


| PLASTICS 


RESIN CASTING and Mold Making Supplies. 
Reproduce your own designs or parts no longer 
available. Polyester resins, fillers, colors, sili- 
| cone rubbers. Catalog $3.00. CASTOLITE, 
"Dept. 98C/PS, 4915 Dean, Woodstock, IL 60098 


Rubber, plastic compounds, 
Sources, Free information: Castcraft, 
17000(V98), Memphis, TN 38187-1000. 


REAL ESTATE 


| CALIFORNIA. Acreage. Lots $50 down. $50 
monthly. 4602 Ethel Ave., Sherman Oaks, CA 

| 91423 

à 


MONTANA & WYOMING 


"Trees, Crooks and Wildlife. 35 acros staring at 
only $14,900. Many other properties and sizes 


techniques, 
Box 


available. Easy Owner Financing. No Time Limit 
Guarantee. Warranty Deed. Guaranteed Access. 


Cali today for tree information & photos. 
Rocky Mountain Timberlands 
1315 Enst Main + Dept. PS, Р.О. Bor 1169 

Bozeman MT 5977171153 (406) 586-8088. 


Call Toll Free: 1-800-682-8088 


*GOV'T FORECLOSED homes from pennies on 
$1. Deliquent Tax, Repo's, REO's. Your Area. 
Toll Free 1-800-218-9000, Ext. H-6586 for cur- 

| rent listings. 


20-160 acre claim program «b 5. get yours for 
ХУ $20 government foe. in AK, AZ. А. CO. ID. MT. 
NV, NM. OF, UT, WA, WY. For complete, step-by-step. 
je Including maps, telephone helpline, filing 
send $20; or lor more information send $3 
PUBLIC LANDS TITLE, PO Box 2945-PS Port 
Angeles, WA 98362-0336 (this is not Homesteading, 
its much easier and only costs $1. per acre) 
“йр iww olypen com pubiiciands 


GOV'T FORECLOSED HOMES. Pennie on $1 
| Tax Repo's, FDIC, VA, RECD, HUD, Local 
listings. 1-800-883-0819, ext H1350 


e 


Popular Science reserves the right to refuse 
any advertising order. Only publication of an 
advertisement shall constitute final 
acceptance of an order. Publication does not 
constitute an agreement for continued 
| | publication. All orders are subject to the 
| applicable rate card, copies of which are 


available upon written request sent то the 
address provided. 


ROBOTICS 


(request дий FREE prr) 
WWW робот ЮГЕ, COR 


SATELLITE TV 


DISCOUNT DISH! Save $ on all models of DISH 
Network mini-satellite systems. FREE Brochure 
1-800-288-6888 


DSS TEST CARD INFORMATION, PLUS 
SOFTWARE. CALL BOXCOM 1-800-345-7800. 


BEST VALUES ON... 

* Receivers, including 4DIV. 

* Dish Movers & LNBs, all kinds) 
* Tune-up Kits, Tools & Parts 


Fax: 218-739-4879 
ink 218-739-5231 


800-543-3025 


www.skyvision.com 


DSS TEST CARD authorizes all channels. For 
information call toll free 1-888-416-7296 


FREE CATALOG. World's Best Selection List- 
ing Books, Installation Videos and Analysis 
Software On Satellite TV. (800)483-2423. 


OBTAINING SOUND for your VCII and VCII 
PLUS is easy. No codes Needed. Also 055 
TEST CARD information. Details 
1-800-211-5635, 


DESCRAMBLED 


Tha Origin, mos! compl, up-o-doe, ep-bp өр 
DSS fed Aces Cord nomrofn Package ovalabe 
Doni be fooled by overpriced / low суйу reprints 
30+ pag -Errybing ou need - Солт 


Send $20.00 to: r.o. aox 2712-P3 
De Boyee Fremont, CA 94536 


SATELLITE TELEVISION PAYS! Minidish 
sales force needed. STAR VISION DIRECT. 
1-800-899-9707, 8am - 10pm Pacific. 


TEST any satellite system and recieve all 
channels. Catalog $1.00. SATELLITE SPE- 
CIALISTS, 660 Rothesay Avenue #356, Saint 
John, N.B., Canada E2H2H4 


SCIENCE & CHEMISTRY 


AMAZING LITTLE PYRAMID! a scale model 
pyramid — that realy — works. — http// 
memnbers.aol.comvapsaris 


"EXPERIMENTERS" - CHEMICALS - APPARA- 
TUS - GLASSWARE. CATALOG $2.00- 
ESTABLISHED 1953. HAGENOW LAB- 
ORATORIES, 1302 WASHINGTON, 
MANITOWOC, WI 54220 


LABORATORY CHEMICALS, GLASSWARE, 
INSTRUMENTS, STUDENT KITS, 240 PAGE 
CATALOG $5.00. (REFUNDABLE!) ADVANCE 
SCIENTIFIC, 2345 S.W. 34TH STREET, FORT 
LAUDERDALE, FL 33312. (954)327-0900 


MAKE YOUR OWN ROCKET MOTORS!!! 
HOMEMADE ^ FUELS;CHEMICALS" Lab 
Glassware, Acids, Supplies, Instructional Books, 
Etc, "HUGE CATALOG" $2.00. PYROTEK, P.O. 
BOX 300, SWEET VALLEY, PA 18656. 
(717)256-3087. 


SCIENCE & CHEMISTRY 


‘SPOKE GUN. 3.99 Great for Lab demonstra- 
tions. ADJTEC, Box 764846, Dallas, Texas 
75376 


SOLAR WATER HEATERS 


| 


SOLAR WATER HEATER ONLY $895! FREE 
DELIVERY! ADVANCED DESIGN, EASY IN- 
STALLATION. 

WWW.NBBD.COM/OUT/ASN 


SECURITY/SURVEILLANCE 


Surveillance Equipment, Night Vision Telephone 
Security, Counter - surveillance, Miniature Cam- 
eras Over 300 Products www.spybase.com 
800-570-5562 


Ultra-Miniature Pinhole Camera 
$159” *Hidden Video «Shotgun 
Mics *Vehicle Tracking *Voice 
Changers *Bug/Phone Tap 
Detectors +10 Hour Telephone 
Recorder $139” +16 Hour 
Telephone Recorder $199” 
*Locksmithing «And Much More 


STAMP COLLECTING 


300 Breathtaking Stamps. $1.00. Plus fantastic 
approvals! NeoTrends, SC98, Box 982F, To- 
ronto, Canada MAY2NO. 


FREE Gold, Silver, Beautiful Stamps, With 
Approvals. Delor 21127 Fleetwood, Harper 
Woods, MI 48225 


FREE LIST, MAIL-BIDS, DISCOUNT STAMPS, 
PACKETS. IVA, BOX 197-B, HANFORD, CA 
93232 


Penny Stamp Approvals, Regardless Catalog 
Kloster 18289 Bunny Drive, Jamul, СА 91935. 


TOOLS & MACHINERY 


4" Metal Cutting Lathe $137.75. Taig, 12419 
Nightingale Lane, Chandler, AZ 85249. 


BOLTS, SCREWS, TOOLS, WHOLESALE, DI- 
RECT. Guaranteed. Catalog $2.00 (refundable). 
Camelot, Dept. 33, Box 65, Bristol, WI 53104. 


Ak 
ТҮ 
ped 


www. blueri com 


72-6500 


Е LATHES 

“Starting at $ 410 
*Mills *Metals *Books 
*Precision Instruments. 

Free Catalog 

1-937-322-8562 
CAMPBELL TOOLS COMPANY 
2100-P Selma Rd. Springfield,OH 45505 


WANTED TO BUY 


Gold, Silver, Platinum (any form). Assaying 
service. Free price quotes. Top payment 
1-800-932-1010/ 781-326-3442 


Popular 


WATER PURIFICATION 


Electronic Softening & Descaling, uses no 
chemicals, installs without plumbing work, 
moneyback guaranteed performance, $399.95 + 
shipping. EcoSoft Engineering 1-800-275-7070 


_ p Home Appliance Makes | 
LUE Drinking Water 


FREE Waterwise Catalog 
1.800.874.9028 Fax 352.787.8123 
http://www.waterwise.com | 


WIRELESS TV 


Quality Microwave TV Systems 


For “FREE” Catalog or Sond 5! 

PHILLIPS-TECH ELECTRONICS 

10 Box 8533 + Scottsdale, AZ 85252 

TYORDER LINE 800-880-MMOS 

Шы CATALOG /INFO 602-947-7700 
Зум FAX LINE 602-9: 
FREE SHIPPING Ува. MIC Amx + Disc + COD 


DO YOU HAVE 
A PRODUCT OR 
SERVICE TO 
ADVERTISE IN 


FOR INFORMATION 
ON HOW TO REACH 
6.2 MILLION* 
READERS EACH 
MONTH 
CALL, FAX, OR 
WRITE US TODAY. 


(800) 445-2714 
OR 


(212) 779-5132 
OR 


(212) 779-5163 


(212) 779-5568 


2 PARK AVENUE 
NEW YORK, NY 
10016 
*1997 SPRING MRI 


LOOKING ВАС [9 


EDITED ВУ ВОВ SILLERY 


An Extraordinary 
Surgeon 


ЇЇ] OUR EDITORS celebrated the 
achievements of Joseph Lis- 
ter in the introduction of antiseptic 
and aseptic surgery. In 1865, Lister 
successfully used carbolic acid as 

а surgical antiseptic; this innova- 
tion, applied in conjunction with 
heat sterilization, brought dramatic decreases in post-oper- 
ative deaths. At the time of our article, Lister was serving 
as “surgeon extraordinary” to Queen Victoria.—March 1898 


When Time Went Backward 


Ed "I WAS THERE when they stopped the clock," wrote Sci- 
ence Editor Arthur Fisher, from Boulder, Colorado. What 
Fisher witnessed was the first leap second. Master clocks across 
the globe, including the National 
Bureau of Standards’ clock in 
Boulder, were set back 
one second at mid- 
night, June 30, mak- 
ing that day history's 
longest. This kept 
the new atom-based 
time scale in step with 
Earth’s erratic rotation. 
—March 1973 

Universal Coordinated ] 
Time was amended forthe | 
21st time when the most р 
recent leap second was i 
added on June 30, 1997. i 


Rocket “Locomotive” 


UGLE] oped by five massive rockets, experi- 


x menters sent a 


р 
| 

ГЇ USING 50,000 pounds of thrust devel- | 
"locomotive" ; 


*No Way, Babe!" 


РТ: AS THE New York Yan- 
Ш kees, who were ten- 
ants at the rival Giants' Polo 
Grounds, were erecting their 
own home, PoPULAR SCIENCE 
described the new ballpark 
as "the greatest of modern 
amphitheaters." Measuring 
Yankee Stadium's dimensions, 
including а |cavernous 461 


Whenthe 
Earth Moved 


IN summarizing 
what was known 
* about earthquakes, we 
reported that the first record 


of a quake in New England occurred 
18 years after the Pilgrims landed. We cataloged the effects 
of quakes, including huge fissures (above). We also recalled 
our visit ["Measurement of Earthquake Waves," Sept. 1872] 
to the observatory of Luigi Palmieri near Italy's Mt. Vesuvius 
to see the seismograph he had invented.—March 1873 


hurtling 1,019 mph down 2,000 feet of stan- 
dard-gauge railroad track. The tests were 
made at California's Muroc Air Base by 
Northrop Aircraft to evaluate airplane shapes 
at supersonic speeds. The main problem: 
bringing the 15-foot aluminum-alloy sled 

to a halt.—March 1948 


By 1954, researchers in the 


New Mexico desert were able 
to stop a similar rocket sled 
carrying a human at a speed 
of 632 mph in 1.4 seconds 
[“Lethal Force?" May '97]. 


feet to the center field wall, 
we predicted there would 
be no way Babe Ruth could 
knock a ball "out of the 
lot."—March 1923 

Though Ruth hit plenty 
of home runs at Yankee Sta- 
dium, none ever cleared the 
farthest wall in deep center 
field. Neither Ruth nor any- 
one else has ever hit a ball 
completely out of the sta- 


BABE RUTHS LONGEST HOME RUN. 


439 V2 FEET 


dium known as the “House 
That Ruth Built.” Mickey Man- 
tle, though, has come closest. 
In 1963, a still-rising shot 
from Mantle's bat hit the sta- 
dium's upper facade; estimates 
were that the blast would 
have traveled about 620 feet. 
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When fix-up 
problems 
pop up from 
out of the | 


Сме. 


turn to the 
folks in the ee 


4 


When something goes wrong, go right to your И \ 
local Ace dealer. They have all the tools \ 
1 
and advice you need to fix any fix you're in. \ 
Including Ace Brand hand tools, built tough \ 


with a lifetime warranty. 


Ace is the Place on the Net @ www.acehardware.com 


The all-new 
Mazda B-Series Trucks. 


The B4000 4x4 SE Cab Plus (shown') 
comes with: * 401 V6 engine + 4-wheel 
ABS + Power rack-and-pinion steering 

+ Vacuum-operated hub-lock system 

+ Alloy wheels with P265/75R15 white- 
letter tires • Towing Package • Fog lights 
* Dual air bags with passenger’s-side 
cutoff switch « AM/FM/cassette stereo 
with CD » Cruise control » A/C and more 


“When properly equipped. ‘Equipped 
with the optional Comfort Plus Package 
and graphics delete option 


For those of you whose sense of adventure isn’t bound by 
convention or commuter lanes, we present our newest 
family of powerful Mazda Trucks. Built longer, wider, and 
stronger, they'll tow close to three tons* without ever 
breaking a sweat. And, with all the rugged performance of 
the new double-wishbone front suspension and available 
shift-on-the-fly four-wheel drive, these redesigned Mazda 
Trucks are bold enough to run over what they don't run 


through. Then again, anything less wouldn't be worth owning. 


Visit us at www.mazdausa.com or call 1-800-639-1000 for all the details. 


